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Letter From the Chief Scientist 

In 2023, the International Space Station celebrated its 25th year of operations. Over the 
last 25 years, the space station has transformed into an orbiting laboratory with research 
capabilities that enable scientists from over 109 different nations to conduct over 3,300 
groundbreaking experiments in an extreme and unique environment. The science enabled 
by the space station to date has led to transformative technologies through space-
based innovations, improved human health on Earth and in space, supported technology 
developments for future exploration programs beyond low Earth orbit, and facilitated 
STEM-based programs to foster the development of tomorrow’s leaders.  Over the past 
year, the scientific resources for conducting research on station have been challenged by 
changes in flight plans and anomalies in transport vehicles, resulting in delays in science 
operations. Despite these challenges, approximately 500 investigations were conducted 
on space station and two Private Astronaut Missions were supported in 2023. This 2023 
Annual Highlights of Results showcases a selection of breakthrough scientific achievements 
that represent the high quality and diverse research capabilities of the space station and 
investigative teams. 

The International Space Station is planned to extend through 2030, after which it is 
expected commercially developed space stations will be viable destinations in low Earth 
orbit. The coming years of transition to commercial space stations will mark a new era of 
challenges to meet the growing needs of scientific research and commercial development.  
The station’s scientific community embraces this new era of opportunity while continuing to 
maximize this one-of-a-kind orbiting laboratory for the benefit of humanity.

Jennifer Buchli, NASA, International Space Station Chief Scientist

Dr. Meghan Everett, International Space Station Deputy Chief Scientist 
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After 25 years of international collaboration operating the largest and most technologically 
advanced laboratory in low Earth orbit, the current decade of research results has seen 
thousands of researchers around the world completing their investigations, analyzing their 
data, and publishing their findings. 

Through close examination of station client feedback obtained since 2002, station 
program managers, administration personnel, and technical staff have improved their 
processes and software tools to enhance communication with research teams for better 
in-flight data collection and sample return. These refinements affect experiment results 
and the conclusions researchers draw. The enhanced planning and coordination of 
investigation launch, stowage, crew time allocation, accessibility to station’s research 
capabilities (i.e., facilities), and data delivery are critical to the effective operation 
of scientific projects for accurate results to be shared with the scientific community, 
sponsors, legislators, and the public.  

Over 3,700 investigations have operated since Expedition 1, with more than 250 active 
research facilities, the participation of more than 100 countries, the work of more than 
5,000 researchers, and over 4,000 publications. The growth in research (Figure 1) and 
international collaboration (Figure 2) has prompted the publication of over 560 research 
articles in top-tier scientific journals with about 75 percent of those groundbreaking studies 
occurring since 2018 (Figure 3). 

Bibliometric analyses conducted through VOSviewer1 measure the impact of space station 
research by quantifying and visualizing networks of journals, citations, subject areas, and 
collaboration between authors, countries, or organizations. Using bibliometrics, a broad 
range of challenges in research management and research evaluation can be addressed. 
The network visualizations, stacked charts, and line graphs provided in this introduction 
demonstrate the growth and influence of station research. 
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A)

B)

Figure 1. Bibliometric mapping of station research 
growth over time. Count of the keyword microgravity 
co-occurring at least five times with other research 
keywords at different time periods. A) 1999-2005: n=11; 
B) 2006-2011: n=49; C) 2012-2017 n=69; D) 2018-Sep. 
2023: n=115. The node size represents the number of 
publications containing the research keywords (larger 
nodes = more publications), the distance between nodes 
represents relatedness between research keywords, and 
the colors represent different research areas.

C)

D)
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A)

B)

D)

C)

Figure 2. Bibliometric mapping of station collaboration 
growth over time. Measurement of co-authorship strength 
(i.e., total line thicknesses) between the United States and 
other countries in the network at different time periods. A) 
1999-2005: total link strength = 19 B) 2006-2011: total link 
strength = 74; C) 2012-2017: total link strength = 150; D) 
2018-Sep. 2023: total link strength = 442.  Nodes represent 
the number of publications for each country. Distance and color 
are not relevant indicators in this chart.  
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Figure 3. Count of publications reported in journals ranked in the top 100 according to global standards of Clarivate. A total of 567 top-tier publications 
through the end of FY-23 are shown by year and research category.

In this year’s edition of the Annual Highlights of Results, we report findings from a 
wide range of topics in biology and biotechnology, physics, human research, Earth and 
space science, and technology development – including investigations about plant root 
orientation, tissue damage and repair, bubbles, lightning, fire dynamics, neutron stars, 
cosmic ray nuclei, imaging technology improvements, brain and vascular health, solar 
panel materials, grain flow, as well as satellite and robot control.  

The findings highlighted here are only a small sample representative of the research 
conducted by the participating space agencies – ASI (Agenzia Spaziale Italiana), CSA 
(Canadian Space Agency), ESA (European Space Agency), JAXA (Japanese Aerospace 
Exploration Agency), Roscosmos, and NASA - on station in the past 12 months.  

Many more studies in fiscal year (FY-23) revealed remarkable results, such as finding 
reduced fat accumulation in the bone marrow (MARROW), identifying gene mutations,
that preserve muscle (Molecular Muscle), improving optical beams for enhanced 
communication between spacecraft and ground stations (SOLISS), detecting bacterial 
antibiotic resistance during spaceflight (Plazmida), observing abnormal cell division of 
human neural stem cells (STaARS Bioscience-4), among others. A full list of all the 
publications collected in FY-23 can be found at the end of this report.   

A publicly accessible database of space station investigations and publications can be 
found in the Space Station Research Explorer (SSRE) website, and all editions of the 
Annual Highlights of Results from the International Space Station can be found through 
the Space Station Research Results Library.

1. Van Eck NJ, Waltman L. Software survey: VOSviewer, a computer program for bibliometric mapping. Scientometrics.  2010; 
84(2):523-538. DOI: 10.1007/s11192-009-0146-3.
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https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1673
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7576
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7750
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=486
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7503
https://www.nasa.gov/mission/station/research-explorer/
http://www.nasa.gov/stationresults
https://link.springer.com/article/10.1007/s11192-009-0146-3
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Between Oct. 1, 2022, and Sept. 30, 2023, we identified a total of 330 articles associated 
with station research. Of these 330 articles, 268 appeared in peer-reviewed journals, 59 
in conference proceedings, and 3 in gray literature such as books, magazines, technical 
reports, or patents. Articles are also categorized based on how authors obtained their 
results. There were 204 publications that reported direct implementation of the science 
aboard station (i.e., Results), 37 that reported development of the payload prior to 
operation on station (i.e., Flight Preparation), and 89 that emerged as follow-ups to station 
science (i.e., Derived). Because derived articles are new scientific studies generated from 
shared data, derived science is an additional return on the investment trusted to station 
science. For FY-23, this return on investment was 27 percent. Full definitions of these 
publication types (i.e, Results, Flight Preparation, and Derived) categories can be found 
on page 8 of this report.  

Figure 4. Count of publications by agency and station research category. A total of 330 articles were collected in FY-23.

Figure 4 shows a stacked chart with the count of articles collected in FY-23 broken out 
by space agency and research category. In summary, we found three articles for CSA, 
43 articles for ESA, 58 articles for JAXA, 10 articles for Roscosmos, and 216 articles for 
NASA.  Of the 330 articles collected in FY-23, 66 were articles published prior to Oct. 1, 
2022. 

4 8
40

3
9

28 88

4

1

3

9

3 29

3

19

15 25

2 4
33

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

CSA ESA JAXA NASA ROSCOSMOS

FY-23 Publication Counts by Station Research Category and Agency

Biology and Biotechnology Earth and Space Science Educational and Cultural Activities

Human Research Physical Science Technology Development and Demonstration



Introduction

6

MEASURING SPACE STATION IMPACTS 

The significant impact of sustained 
international multidisciplinary research 
in microgravity can be observed through 
the findings published in world-class 
scientific journals that adhere to a 
rigorous scientific peer-review process.  

With the assistance of Clarivate, a 
global database that collects publication 
and journal information for annual 
journal ranking and metrics, we 
identified the top findings produced by 
station researchers. One parameter, 
the journal’s Eigenfactor Score², ranks 
each journal based on readership and 
influence, including the different citation 
standards of each discipline. 

From Oct 1, 2022, to Sept 30, 2023, 78 
articles appeared in top-tier journals. Of 
those 78 articles, 21 were reported in 
top 20 journals (see Table 1).   

In addition to the research diversity and 
top-tier results obtained from station, a 
comparison of station science to global 
and US standards of category-normalized citation impact (i.e., adjusted impact of a 
publication based on its research area) shows greater influence of station science since 
2010 compared to other research endeavors taking place domestically or internationally. 
The authority of station research was particularly prominent in 2019, and it continues 
to hold its place in the scientific community to date. Figure 5 illustrates this important 
comparison. 

Table 1. A total of 78 articles were published in top-tier journals in FY-23: 21 articles 
in top 20 (green) and 57 articles in top 100 (yellow). Data ranked according to 
Clarivate Journal Citations Reports (JCR) Eigenfactor score.

Figure 5. Citation impact (normalized by research area) of station science publications compared to national and global standards.

2. West JD, Bergstrom TC, Bergstrom CT. The Eigenfactor Metrics™: A Network approach to assessing scholarly journals. 
College and Research Libraries. 2010;71(3). DOI: 10.5860/0710236.
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36 Advanced Energy Materials (1)
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The high impact of space station is in great part attributed to the researchers who conduct 
transformative science in low Earth orbit. As shown in Table 2, four studies published in 
FY-23 have already received much acclaim from others in their field.  

Advancements in technology and research on station have inspired students all over the 
world to pursue STEM careers, encouraged researchers to explore bold questions, and 
incentivized economies through the initiation of businesses in the space industry. While 
some of the most decisive steps toward space commercialization are recent, researchers 
from small and large companies, academic institutions, and government agencies have 
been conducting experiments in space since 2005 through the International Space 
Station National Lab. Today, the hard work is paying off. In FY-23, we collected 39 
publications from investigations sponsored by National Lab with fascinating results in 
droplet behavior for the improvement of condensing systems (Drop Vibration), the reliable 
use of a genome examination and editing tool (Ax-1 CRSPR), the identification of specific 
gut bacteria involved in bone loss (Rodent Research-5), the use of neural networks for 
improved image analysis (Spaceborne Computer-2), and much more. In addition to the 
accomplishments of the International Partners and NASA on space station, National 
Lab’s alternative route to send investigations to space have demonstrated that new paths 
can be explored to expand research in microgravity for the advancement of science and 
benefit of humanity. 

Investigation Category Space Agency Publication Title and Journal Publication 
Type Citations

Neutron star Interior 
Composition Explorer 

(NICER)*

Earth and 
Space Science NASA-SMD Polarized x-rays constrain the disk-jet geometry in the 

black hole x-ray binary Cygnus X-1, Science. Derived 20

EML Batch 1 - NEQUISOL 
Experiment 

Physical 
Science ESA

Anomalous kinetics, patterns formation in 
recalescence, and final microstructure of rapidly 

solidified Al-rich Al-Ni alloys, Acta Materialia.
Results 13

Cold Atom Lab Physical 
Science NASA-BPS A space-based quantum gas laboratory at picokelvin 

energy scales, Nature Communications. Results 9

Mini-EUSO Earth and 
Space Science

Roscosmos-ASI-
ESA

Observation of night-time emissions of the Earth in the 
near UV range from the International Space Station 
with the Mini-EUSO detector, Remote Sensing of 

Environment.

Results 5

Table 2. List of articles published in FY-23 that have been widely recognized in a short period of time. *NICER reported two additional FY-23 publications 
with over 10 citations.

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7681
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8661
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=2017
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8221


Introduction

8

EVOLUTION OF SPACE STATION RESULTS
The archive of Space Station investigations went online in 2004. Since that time, changes to 
methods for tracking investigations and publications have been implemented, including increased 
differentiation between research disciplines and a re-characterization of publication fields. 
Currently, the following publication types are included in the Program Science Toolbox:

Flight Preparation Results - publications about the development work performed for the 
investigation, facility, or project prior to operation on the Space Station.

Station Results - publications that provide information about the performance and 
results of the investigation, facility, or project as a direct implementation on station or on 
a vehicle to space station.

Derived Results - publications that use data from an investigation that operated on ISS, 
but the authors of the article are not members of the original investigation team. Derived 
Results articles have emerged as a direct outcome of the open-source data initiative, 
which gives access to raw data for new researchers to analyze and publish innovative 
results, expanding global knowledge and scientific benefits.

Patents - applications filed based on the performance and results of the investigation, 
facility, or project on station, or on a vehicle to space station.

Related - publications that lead to the development of the investigation, facility, or 
project.

LINKING SPACE STATION BENEFITS
Space Station research results lead to benefits for human exploration of space, benefits to 
humanity, and the advancement of scientific discovery. This year’s Annual Highlights of Results 
from the International Space Station includes descriptions of just a few of the results that were 
published from across the ISS partnership during the past year.

Space station investigation results have yielded updated insights into how to live and 
work more effectively in space by addressing such topics as understanding radiation 
effects on crew health, combating bone and muscle loss, improving designs 
of systems that handle fluids in microgravity, and determining how to maintain 
environmental control efficiently.

Results from the space station provide new contributions to the body of scientific 
knowledge in the physical sciences, life sciences, and Earth and space sciences to 
advance scientific discoveries in multi-disciplinary ways. 

Space station science results have Earth-based applications, including 
understanding our climate, contributing to the treatment of disease, improving 
existing materials, and inspiring the future generation of scientists, clinicians, 
technologists, engineers, mathematicians, artists, and explorers.

EXPLORATION

DISCOVERY

BENEFITS
FOR HUMANITY



Advanced Plant Habitat (APH) flight unit at NASA’s Kennedy Space Center in 
Florida. This is an exact replica of the unit that was delivered to space station for 
its first investigation, Plant Habitat-01. Developed by NASA and ORBITEC, the 
APH is the largest plant chamber built for NASA to conduct automated plant growth 
studies on station. NASA ID: jsc2020e003415. 

https://www.nasa.gov/mission/station/research-explorer/facility/?#id=2036
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=2032
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The NASA investigation 
Biotube-Magnetophoretically 
Induced Curvature in Roots 
(Biotube-MICRO) examines 
how plant amyloplasts, which 
are involved in the production 

of starch and plant root orientation, respond to 
magnetic gradients in microgravity. On Earth, 
amyloplasts are dense particles that sediment 
in the direction of gravity, inducing the 
downward growth of plant roots. The presence 
of magnetic gradients additionally displaces 
amyloplasts and induces curvature.  

In a recent study published in Scientific 
Reports, researchers used Brassica rapa 
seeds to understand the effect of magnetic 
gradients on transcriptional responses of 
genes related to growth, metabolism, auxin 
(hormones), and stress in microgravity. A 
strong magnetic gradient was generated 
using ferromagnetic wedges that exceeded 
the magnetic force to which plants respond. 
Researchers expected the roots to curve away 
from the wedges.   

Researchers compared the germination, root 
curvature, and transcription of 16 genes in 
four tissue types of seedlings grown in space 
versus seedlings grown on the ground in static 
and clinorotated conditions, taking into account 
the magnetic and non-magnetic fields in which 
the seeds were placed. Results showed that 
the presence of a magnetic field did not affect 
germination but did induce curvature (Figure 
6). However, curvature also occurred in non-
magnetic chambers, presumably in response 
to hydrotropism. Magnetic fields in space also 
did not affect transcription activity involved in 
metabolism, indicating that magnetic fields are 
not detrimental to plants.   

However, the size of amyloplasts increased 
in microgravity but decreased during the 
clinorotation condition on the ground. This 
outcome indicates that plants perceive 
gravity, but ground control experimentation 
is not a suitable replacement for research 
conducted under weightlessness. These 
results call for more investigation on the role 
of starch metabolism to develop scientists’ 
understanding of how space affects plant root 
growth in a weightless environment.   

It is worth highlighting that the crew was not 
involved in the operation of this experiment 
because all procedures were controlled 
remotely from the ground. High-tech systems 
on-board station allow researchers to monitor 
their experiments remotely and obtain reliable 
results without involving crew time.  

The space station laboratory provides a platform for investigations in the biological sciences that explores the 
complex responses of living organisms to the microgravity environment. Lab facilities support the exploration 
of biological systems, from microorganisms and cellular biology to the integrated functions of multicellular 
plants and animals. From the beginning of station to date, more than 900 articles have been published in the 
area of Biology and Biotechnology.

Hasenstein KH, Park MR, John SP, Ajala C. High-gradient magnetic fields and starch metabolism: Results from a space experiment. 
Scientific Reports. 2022 October 29; 12(1): 18256. DOI: 10.1038/s41598-022-22691-2.  

Figure 6. Germination and root curvature of Brassica rapa seeds in 
microgravity. Image adopted from Hasenstein, Scientific Reports.

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=864
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=864
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=864
https://www.nature.com/articles/s41598-022-22691-2
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The Roscosmos and 
NASA investigation Tissue 
Regeneration - Bone Defect 
(Rodent Research-4 CASIS) 
examines the processes, 
changes, and outcomes of 
wound healing after exposure 

to microgravity. Effective tissue repair after 
injury could result in fewer health complications 
and reduced costs. While the main objective 
of the overall investigation is to learn about 
regeneration and healing of bone tissue, a 
recent study published in The International 
Journal of Molecular Sciences focuses on the 
healing of skin tissue. 

In the new study, researchers analyzed the 
connective tissue from the thigh dermis of 40 
mice (10 in microgravity and 30 in multiple 
control groups) after ~23 days of spaceflight. 
Connective tissue in the dermis plays a 
significant role in adaptation to different gravity 
conditions, with its fibers (type-I and type-III 
collagens) providing the structure, strength, 
and elasticity for the skin. Mast cells in 
connective tissue assist in fiber reconstruction 
of the dermis and other internal organs through 
the secretion of proteins, enzymes, and growth 
factors. 

Compared to control mice, experiment mice 
sent to space showed increased interfascicular 
spaces in the connective tissue, shorter and 
tangled fibers forming a cellular web, and more 
type-III fibers than type-I fibers (Figure 7). 
Disappearance of reticular fibers around the 
mast cells and more degranulation were also 
observed. Although the size of mast cells in the 
spaceflight group remained the same as that in 
controls, the mast cells showed protuberances 
as well as excess secretion of small granules 
after microgravity exposure. According to the 
researchers, these changes to mast cells may 
indicate a more active granule metabolism or 
an adaptation to gravity changes. 

This pioneering study characterizes the 
structure of supporting connective tissue in 
mice after spaceflight. Its results are an initial 
step toward discovering the mechanisms of 
tissue remodeling, which could lead to the 
treatment of degenerated tissue through the 
development of pharmaceuticals that assist 
the renewal of connective tissue in diseased 
organs. 

In 2021, the ESA 
investigation Space Omics 
Analysis of the Skin 
Microbiome of Diabetic 
Foot Ulcers (Ice Cubes #9 
– Project Maleth) from the 
Mediterranean country 

Malta, conducted its first biomedical science 
experiment in space to examine the effects of 
spaceflight and microgravity on human skin 
tissue microbiome. 

Malta has a high prevalence of diabetes. 
Patients suffering from this disease have 
reduced blood flow to their extremities 
and develop nerve damage that results in 
weakness and numbness of the hands and 
feet. Consequently, up to 25 percent of patients 
develop diabetic foot ulcers (DFU) that can 
become infected. The microbiome present in 

Shishkina VV, Kostin A, Volodkin A, Samoilova V, Buchwalow I, et al. The remodeling of dermal collagen fibrous structures in mice under zero 
gravity: The role of mast cells. International Journal of Molecular Sciences. 2023 January 18; 24(3): 1939. DOI: 10.3390/ijms24031939. 

Control

Control

Microgravity

Microgravity

Figure 7. Connective tissue (top row) and mast cell (bottom row) differences 
between control and microgravity samples.  Image adopted from Shishkina, 
International Journal of Mofecular Life Sciences.

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1764
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1764
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1764
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8619
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8619
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8619
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8619
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8619
https://www.mdpi.com/1422-0067/24/3/1939
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these ulcers forms a biofilm that makes the 
host’s immune system and systemic antibiotics 
unable to penetrate the ulcer, making it 
very difficult to treat. Infected and untreated 
DFUs may progress into bone infections (i.e., 
osteomyelitis) that would require amputation to 
save the patient. 

Astronauts, like diabetics, develop thinner and 
drier skin susceptible to damage while their 
compromised immune system further delays 
wound recovery. The similarities in skin profiles 
between astronauts and diabetics allow 
researchers to understand bacterial diversity 
in DFUs under two environmental conditions, 
Earth and microgravity. 

In the most recent study published in Heliyon, 
researchers obtained six skin tissue samples 
(Figure 8) along with its microbiome from Type-

2 diabetes patients with DFUs with the goal of 
identifying differences in the microorganisms 
using 16S rRNA gene sequencing. Analyses 
revealed different sample structures between 
tissue types, more similarity and clustering in 
the Earth control samples, and more diversity 
of bacterial species without clustering in the 
microgravity samples. Additional analyses 
showed that certain bacteria survive, adapt, 
and thrive more in station’s DFU tissue 
samples. In particular, a high abundance of 
Pseudomonas and Morganella was identified. 

The data collected through this investigation is 
now part of the GeneLab repository. Subjecting 
skin tissue to microgravity helps researchers 
understand the adaptation and survival of 
disease-causing bacteria to improve wound 
healing in diabetic patients and astronauts 
under the stresses of disease or space. 

Through multiple JAXA 
investigations on station 
– Transcriptome 
analysis and germ-cell 
development analysis of 
mice in the space (MHU-
1), Mouse Habitat Unit 

Technical Verification (MHU-4), and Mouse 
Habitat Unit-5 (MHU-5) – researchers are 
examining physiological and gene expression 
changes in mice after exposure to partial and 
full microgravity. 

Although more than 40 percent of the human 
body’s total mass is comprised of skeletal 
muscle, little is known about how different 
levels of mechanical loading and unloading 
impact the cellular and molecular processes 
of muscle fibers.  Given that muscle wasting 
conditions are associated with loss of strength, 
deformity, disability, and increased mortality, 
this new station research could greatly benefit 
the development of countermeasures for 

Gatt C, Tierney BT, Madrigal P, Mason CE, Beheshti A, et al. The Maleth program: Malta's first space mission discoveries on the 
microbiome of diabetic foot ulcers. Heliyon. 2022 December; 8(12): e12075. DOI: 10.1016/j.heliyon.2022.e12075. 

Figure 8. Mixed bacteria culture from a diabetic foot ulcer obtained before 
spaceaflight. NASA ID: jsc2021e0933545

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1731
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1731
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1731
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1731
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1731
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1731
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8066
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8066
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8150
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8150
https://www.sciencedirect.com/science/article/pii/S2405844022033631
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astronauts and treatments for patients on 
Earth.  

In a study recently published in 
Communications Biology, researchers sought 
to investigate how skeletal muscle myofibers 
(slow-twitch and fast-twitch) in calf muscles 
responded to different levels of gravity (Earth 
artificial gravity, lunar gravity, and microgravity) 
to better understand protein regulation and 
degradation. In particular, researchers wanted 
to learn whether lunar gravity (i.e., one-sixth 
of Earth gravity) was enough to retain healthy 
muscle fibers. 

Researchers used the Multiple Artificial-gravity 
Research System (MARS) on the space 
station to manipulate the level of gravity and 
examine skeletal muscle changes in 24 young 
male mice after one month of exposure to the 
different gravitational loads.  

Researchers conducted histological and RNA 
sequencing analyses approximately two days 
after landing and found a 40 percent reduction 
in myofiber size in the MG group but not in the 
AG or GC groups (Figure 9).

These results demonstrated that lunar gravity 
meets the minimum gravitational threshold 
needed to prevent full muscle atrophy. 
However, the transcriptome of mice in lunar 
gravity resembled that of mice in microgravity 
more than mice in artificial Earth gravity or 
ground controls. This result suggested that the 
expression of some genes is better regulated 
by a gravitational load higher than one-sixth 
gravity. Finally, researchers found that lunar 
gravity, like microgravity, induces slow-to-
fast myofiber transitions. That is, there was 
downregulation of genes associated with 
mitochondrial function and ATP production in 

mice exposed to microgravity and lunar gravity, 
consequently affecting muscle metabolism to 
support contractions. 

Through this study, researchers demonstrated 
that an artificial gravity system is critical to 
understanding the response of muscle fibers 
and improve therapies for skeletal muscle 
health in astronauts.  

Hayashi T, Fujita R, Okada R, Hamada M, Suzuki R, et al. Lunar gravity prevents skeletal muscle atrophy but not myofiber type shifts in 
mice. Communications Biology. 2023 April 21; 6(1): 424. DOI: 10.1038/s42003-023-04769-3. 

Figure 9. Cross-section of calf muscle in mice. Muscile fiber sfrom ground control (GC) and lunar gravity (AG) were more alike than to muscle 
fibers exposed to microgravity (MG). Image adopted from Hayashi, Communications Biology.

https://www.nature.com/articles/s42003-023-04769-3


Scanning electron image of monospecies biofilm isolated from the space 
station. The image was colored to visualize the bacterial cells (orange) 
embedded in the biofilm matrix (blue). The ESA-Biofilms investigation 
studies bacterial biofilm formation and antimicrobial properties of different 
metal surfaces under microgravity. NASA ID: jsc2023e010175

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8177
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The Roscomos-ASI-ESA 
investigation Multiwavelength 
Imaging New Instrument for 
the Extreme Universe Space 
Observatory (Mini-EUSO) is 
a state-of-the-art multipurpose 
telescope designed to 

examine terrestrial, atmospheric, and cosmic 
ultraviolet emissions raining down on Earth. Its 
optical system of 36 multianode photomultiplier 
tubes capable of detecting single photons allow 
exceptional imaging during day/night and night/
day transitions (Figure 10). Mini-EUSO is the 
first mission of a larger program (JEM-EUSO) 
with about 300 scientists from 16 countries. 

In FY-23, five publications described the 
advanced technology of the telescope. In one 
of the publications, released in the Journal 
of Physics: Conference Series, researchers 
demonstrated the proper functionality of Mini-
EUSO, with regular collection of ultraviolet 
emissions data since 2019. 

Air showers, a cascade of ionized particles and 
electromagnetic radiation that produce a streak 
of fluorescent light when ultrahigh-energy 
cosmic rays enter the Earth’s atmosphere, 
have been studied by ground telescopes 
located in the Northern and Southern 
hemispheres. Observing the fluorescent light 
from space with a telescope such as Mini-
EUSO allows researchers to determine the 
energy of the cosmic rays, the arrival direction, 
and the position of the shower. 

The high spatial and temporal resolution of 
Mini-EUSO provides the capability to study 
Transient Luminous Events (TLEs), Emission 
of Light and Very Low Frequency perturbations 
due to Electromagnetic Pulse Sources 
(ELVES), meteors, strange quark matter, space 
debris, marine phytoplankton bioluminescence, 
marine pollution, geomagnetic disturbances, 
ultra-high energy cosmic rays, and climate 
effects. 

The ESA investigation 
Atmosphere-Space 
Interactions Monitor 
(ASIM), which has been 
installed externally on the 
station’s Columbus module 
since early 2018, monitors 

thunderstorm activity and its impact on the 
Earth’s atmosphere and climate. From the 
top of station without cloud obstacles, ASIM 
can better detect different types of transient 
luminous events such as blue jets, red sprites, 
green ghosts, halos, and ELVES to provide in-
depth data of these high energy emissions. 

The position of the space station in low Earth orbit provides a unique vantage point for collecting Earth and 
space science data. From an average altitude of about 400 kilometers, details in such features as glaciers, 
agricultural fields, cities, and coral reefs in images taken from the space station can be combined with data 
from orbiting satellites and other sources to compile the most comprehensive information available. Even 
with the many satellites now orbiting in space, the space station continues to provide unique views of our 
planet and the Universe. From the beginning of station to date, more than 900 articles have been published in 
the area of Earth and Space Science. 

Marcelli L, Battisti M, Belov A, Bertaina M, Cambiè G, et al. The Mini-EUSO telescope on board the ISS: in-flight operations and 
performances. Journal of Physics: Conference Series. 2022 November; 2374 (1): 012048. DOI: 10.1088/1742-6596/2374/1/012048 

Figure 10. Mini-EUSO mock-up displaying three main compartments (optics, focal 
surface, and data acquisition). Image adopted from Marcelli, Journal of Physics: 
Conference Series.

https://www.jemeuso.org/
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1822
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1822
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1822
https://iopscience.iop.org/article/10.1088/1742-6596/2374/1/012048
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This advanced technology provides weather 
information to alert communities, martime 
vessels, and aircraft in the path of dangerous 
storms.  A NASA ScienceCast video 
further demonstrated all the benefits of this 
investigation. 

In a new study published in the journal of 
Geophysical Research Letters, researchers 
combined radio signals and optical imaging 
to study the transition of 30 in-cloud flashes 
in detail. Researchers identified lightning 
changes that transitioned from upward leaders 
(i.e., positively charged “cold” lightning initiated 
and rising from a tall building, tower, or wind 
turbine) to scattered horizontal emissions 
across the clouds (Figure11). From space, 
this phenomenon was observed as blue 
radiance that rapidly dissipated at the onset 
of the transition compared to red radiance 
that remained virtually unchanged. An 
observation of reduced blue/red optical ratio 
coinciding with initial breakdown pulses (i.e., 
early electromagnetic field pulses emitted by 
lightning), led researchers to suggest that 
changes in the electromagnetic field form 
large currents of leader channels. Therefore, 
lightning transitions may begin when the 

electric charge in the 
main leader channel 
has reached its 
maximum. 

Additional 
cloud-to-ground 
measurements 
reported similar 
transitions from 
upward and 
stepped leaders 
(i.e., lightning 
that develops 
downward in quick 
steps), suggesting 
a connection. 
Researchers 

hypothesize that upward and stepped leaders 
have different physical properties.  

The NASA investigation 
Neutron star Interior 
Composition Explorer 
(NICER) analyzes neutron 
stars, bright star residues that 
remain after the explosion of 
massive stars, providing new 

insights into their nature and behavior. NICER 
also includes the Station Explorer for X-ray 
Timing and Navigation Technology (SEXTANT) 
to demonstrate a GPS-like capability by 
detecting bright millisecond pulses in the 
cosmos (i.e., pulsars) to enable autonomous 
navigation throughout the solar system and 
beyond. 

In a new study published in The Astrophysical 
Journal, researchers updated mathematical 
models of timing accuracy to investigate the 
rotational period of six pulsars. This study was 
a significant undertaking from an international 
collaboration of six countries (Chile, the 
Netherlands, France, Germany, Poland, Japan, 
and the US). The accurate measurement of 

Huang A, Cummer S, Pu Y, Chanrion O, Neubert T, et al. Transition in optical and radio features during the early development of negative 
intracloud leader. Geophysical Research Letters. 2022 November 28; 49(22): e2022GL100594. DOI: 10.1029/2022GL100594. 

Figure 11. Diagram showing the stages of in-cloud lightening development. Image adopted from Huang Geophysical Research 
Letters.

https://www.youtube.com/watch?v=KRTJyDkb0EU
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022GL100594
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pulsars’ rotational period allows researchers 
to infer their properties and prompt their 
classification. Additionally, precise timing 
calculations allow researchers to examine 
the potential effects of pulsar rotation on 
gravitational waves. 

Through calculations of multiple data obtained 
from NICER, Chandra, and NuSTAR, 
researchers reported new, corrected rotation 
numbers for two pulsars by considering 

when the actual pulse occurred and the time 
of arrival of the pulse to Earth (Figure 12). 
Additionally, the timing baselines of three 
pulsars were extended three to four times over 
previous calculations. For a young energetic 
pulsar, researchers detected 15 glitches over 
4.5 years of data collection. These glitches in 
pulsar monitoring denote timing irregularities 
that may result from detached superfluid 
vortices. 

These advances in precise measurement 
enhances the understanding of pulsar 
properties and their effects on our solar system 
and planet. 

The JAXA investigation 
CALorimetric Electron 
Telescope (CALET) is 
a high-resolution particle 
detector able to distinguish 
different types of particles 
from cosmic rays and 

dark matter. It includes an imaging and a 
total absorption calorimeter to measure 
energy loss and to observe the paths of high-
energy cosmic ray nuclei. The hardware was 
launched to station in 2015 and installed on 
the Japanese Experiment Module Exposure 
Facility. Analysis of CALET data provides 
new insight into the source of cosmic rays, 
the nature of energy particle acceleration 
mechanisms, and the characteristics of 
interstellar space in our galaxy. 

In a new study published in Physical Review 
Letters, through an extensive collaboration 
between Japan, Italy, and the United States, 
researchers examined helium particles from 
a large energy interval (~40 Giga-electron-
volts to ~250 Tera-electron-volts) collected 
from 2015 to 2022. CALET measurements 
demonstrated that the helium spectrum 
fluctuates from lower to higher energy, and its 

Ho WC, Kuiper LM, Espinoza CM, Guillot S, Ray PS, et al. Timing six energetic rotation-powered X-ray pulsars, including the fast-spinning 
young PSR J0058-7218 and Big Glitcher PSR J0537-6910. The Astrophysical Journal. 2022 November 1; 939(1): 7pp. DOI: 10.3847/1538-
4357/ac8743. 

Figure 12. Two rotation cycles for one of the five pulsars examined by NICER 
and NuSTAR. Data from multiple space instruments allowed researchers to adjust 
previous calculations to better understand the spinning of neutron starts. Image 
adopted from Ho, The Astrophysical Journal.

https://www.nasa.gov/mission_pages/station/research/experiments/explorer/Investigation.html?#id=1027
https://www.nasa.gov/mission_pages/station/research/experiments/explorer/Investigation.html?#id=1027
https://iopscience.iop.org/article/10.3847/1538-4357/ac8743
https://iopscience.iop.org/article/10.3847/1538-4357/ac8743
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most significant deviation 
shows energy increases 
(Figure 13). These 
measurements agree with 
other space instruments 
such as PAMELA, AMS-02, 
DAMPE, and CREAM.  

Unexpectedly, researchers 
found that at lower 
energies (slow-moving 
particles), there was 
a “hardening” of the 
spectrum – more helium 
nuclei than expected were 
found, whereas at higher 
energies (fast-moving 
particles), less helium was 
found. The presence of 
these “features” (increase and decrease of the 
particle flux depending on the energy) allowed 
researchers to assess which statistical model 
best explained these trends.  

This study allows researchers to understand 
how cosmic rays travel and propagate through 
the galaxy, providing additional discrimination 
between the theoretical models proposed 
to explain their behavior and improve our 
understanding of cosmic ray origins. 

Adriani O, Akaike Y, Asano K, Asaoka Y, Berti E, et al. Direct measurement of the cosmic-ray helium spectrum from 40 GeV to 250 TeV 
with the Calorimetric Electron Telescope on the International Space Station. Physical Review Letters. 2023 April 27; 130(17): 171002. DOI: 
10.1103/PhysRevLett.130.171002. 

Figure 13. Cosmic ray helium spectrum as measured by multiple space instruments. Image adopted from Adriani, Physical 
Review Letters. 

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.130.171002


The CSA investigation Space Health 
utilizes the Bio-Monitor system for 
physiological monitoring before, during, 
and after a mission to the space station to 
assess the effect of space travel on heart 
health. NASA ID: jsc2022e062020.

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8601
https://www.nasa.gov/mission/station/research-explorer/facility/?#id=7392
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Space station research includes the study of risks to human health that are inherent in space exploration. 
Many research investigations address the mechanisms of these risks, such as the relationship to the 
microgravity and radiation environments as well as other aspects of living in space, including nutrition, sleep, 
and interpersonal relationships. Other investigations are designed to develop and test countermeasures to 
reduce these risks. Results from this body of research are critical to enabling missions to the lunar surface 
and future Mars exploration missions. From the beginning of station to date, more than 800 articles have been 
published in the area of Human Research.

Patterson C, Greaves DK, Robertson AD, Hughson RL, Arbeille P. Motorized 3D ultrasound and jugular vein dimension measurement 
on the International Space Station. Aerospace Medicine and Human Performance. 2023 June 1; 94(6): 466-469. DOI: 10.3357/
AMHP.6219.2023. 

The CSA investigation Cardiac 
and Vessel Structure and 
Function with Long-Duration 
Space Flight and Recovery 
(Vascular Echo) studies the 
effect of spaceflight on the 
stiffening of blood vessels, 

which can lead to elevated blood pressure and 
the progression of cardiovascular conditions. 

In a brief communication published in 
Aerospace Medicine and Human Performance, 
researchers compared two different types 
of ultrasound technologies (traditional 2D 
and advanced 3D) to see if imaging quality 
differences would reveal the effectiveness of 
a countermeasure used to reduce cephalad 
(headward) fluid shifts in space (i.e., 
venoconstrictive thigh cuffs). Due to its manual 
operation, traditional 2D ultrasound has 
resulted in measurement errors that impact the 
reproducibility of the studies. 

In the study, researchers revealed that 
motorized and semi-automated 3D ultrasound 
identified a 35 percent size reduction of the 
internal jugular vein after three crewmembers 
wore thigh cuffs for four hours during 
spaceflight (Figure 14). These changes 
were missed by the 2D option. The finding 
indicates that 3D ultrasound can more 
adequately measure cardiovascular anatomy 
than 2D ultrasound and demonstrates that 
venous congestion (i.e., pooled blood in 
lower extremities not flowing to the heart) is 
effectively diminished by thigh cuffs. 

The large probe head, constant scan speed, 
and fixed contact with crucial body parts 
make the motorized 3D ultrasound superior 
to standard 2D technologies. This research 
demonstrates that 3D ultrasound allows 
non-expert sonographers to take precise 
measurements of challenging body parts to 
accurately assess vascular changes during 
spaceflight.  

The ASI instrument Light Ions 
Detector for ALTEA (LIDAL), 
installed in the Columbus 
module in January 2020, 
was designed to measure 
cosmic particles, light and 
heavy ions from phosphorous 

(P) to iron (Fe), in a wide range of energies. 
In a new study published in Life Sciences in 
Space Research, researchers report on the 
functionality of the instrument. 

Figure 14. 2D and 3D imaging of the internal jugular vein in three crew 
members. 2D imaging was unreliable and it did not allow researchers to 
detect differences between baseline (black) and the effect of wearing thigh 
cuffs (gray).  Image adopted from Patterson, Aerospace Medicine and 
Human Performance. 

https://www.ingentaconnect.com/content/asma/amhp/2023/00000094/00000006/art00010;jsessionid=f1ve0dkt732p.x-ic-live-02
https://www.ingentaconnect.com/content/asma/amhp/2023/00000094/00000006/art00010;jsessionid=f1ve0dkt732p.x-ic-live-02
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1664
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1664
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1664
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1664
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1664
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7434
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7434
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LIDAL takes into 
account the position 
of the detector inside 
station, which was 
moved along station’s 
axes X, Y, and Z, the 
geomagnetic region 
(high/low latitude), and 
time-of-flight (ToF) of 
detected ions. The 
time-of-flight parameter 
adds information about 
the kinetic energy 
or velocity of the 
particles, enhancing 
the recognition of 
ions fundamental to 
understanding the 
effects of radiation on the human body.   

LIDAL upgrades the particle detection 
capabilities of a previous investigation, 
ALTEA, by using three Silicon Detector 
Units between two plastic scintillators for 
the fast timing of ToF measurement. These 
enhancements increase the sensitivity to 
cosmic ray ions for improved data acquisition. 

Initial measurements of LIDAL with 17 
months of data collection confirm the highly 
variable radiation field of station. Researchers 
found that the measurements of particles 
differ depending on the orientation of the 
detector due to the shielding arrangement of 
station. This study distinguished, for the first 
time, forward particles arriving to station from 
Earth and backward particles going to Earth 
from station. The radiation field peculiarities 
depended on whether particles were 
influenced by the Earth’s shadow or passed 
through more mass inside the station as 
shown by LIDAL measurements.  Additionally, 
flux and dose rate values are lowest at low 
latitudes and highest at high latitudes (Figure 
15), but the total integrated dose is larger 
at low latitudes because the space station 

spends more time near the equator.   

The LIDAL detector system allows the 
conversion of measurements from particle 
charge and velocity to radiation risk indices 
to enable researchers to determine the level 
of radiation exposure for crewmembers and 
devise countermeasures.    

The ESA and Roscosmos 
investigation Brain-DTI 
measures structural and 
functional changes in the 
brain after spaceflight 
to search for clues of 
adaptation to microgravity, 

especially in areas of the brain involved in 
visual perception, balance, and orientation. 

In a new study published in Communications 
Biology, researchers examined brain 
functional connectivity changes of 
cosmonauts (Figure 16) after spaceflight and 
eight months later to learn which changes 
remained and which changes reverted to 
baseline. Functional connectivity, estimated 
through resting-state functional MRI, refers to 
the coordinated function that exists between 

Di Fino L, Romoli G, Amantini GS, Boretti V, Lunati L, et al. Radiation measurements in the International Space Station, Columbus 
module, in 2020-2022 with the LIDAL detector. Life Sciences in Space Research. 2023 May 6; epub: 30pp. DOI: 10.1016/j.
lssr.2023.03.007. 

Figure 15. Regions of high latitude in blue, low latitude in orange and the excluded South Anomaly (SAA) region in yellow 
and green.  Image adopted from Di Fino, Life Sciences in Space Research.

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=133
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1563
https://www.sciencedirect.com/science/article/abs/pii/S2214552423000251?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2214552423000251?via%3Dihub
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different regions of the brain. For example, 
distinct areas of the brain work in concert to 
enable walking or reading. 

Previous studies have revealed structural 
and functional changes after months in 
microgravity. Some of these findings are 
associated with microgravity-induced fluid 
shifts, such as larger ventricles, redistribution 
of cerebrospinal fluid, while other findings 
rather suggest possible neural adaptation, 
including gray and white matter increases in 
sensorimotor areas, and reduced activity of 
the vestibular system. In the current work, the 
researchers explored functional connectivity 
changes in a resting state that suggested 
adaptation in areas of vestibular and motor 
function as well as multisensory integration. 

An assessment of brain activity while at 
rest in 15 cosmonauts revealed decreased 
functional connectivity after spaceflight 
in the left posterior cingulate cortex, an 
area involved in change detection, long-
term memory, and divergent thinking. This 
decreased connectivity persisted at the 
8-month follow-up. Additional decreases 
observed in the bilateral insula, which 
processes salient stimuli, returned to pre-
flight levels after the mission. Increased 
connectivity was found in the right angular 
gyrus and was sustained during the follow-up 
period. This region is involved in verticality 
processing as well as detecting mismatches 
between actual and expected sensory 
outcomes. The sense of verticality has gained 
importance in view of the planned missions to 
the Moon and Mars during which crew landing 
capabilities must be optimal. A final analysis 
showed that the changes in functional 
connectivity were independent of structural 
changes in the brain during flight. Together, 
changes were mostly found in higher-order 
brain regions, suggesting adaptation at the 
level of multimodal integration. 

These results demonstrate the adaptability 
and plasticity of the brain under extreme 
conditions and provide new insight into the 
workings of the central nervous system. This 
newfound knowledge may contribute to the 
development of targeted countermeasures 
or ways of monitoring brain adaptations 
to promote healthy brain function and 
adaptation, as well as improved treatments 
for vestibular disorders. 

Findings from various 
research studies tracking 
astronaut health in space are 
archived in the International 
Space Station medical 
monitoring investigation. 
This collection contains a 

wealth of knowledge regarding the effects 
of spaceflight on multiple body systems. 
A Roscosmos study classified as medical 
monitoring on station reported new findings 
about biomarkers of endothelial and immune 
function in the journal npj Microgravity. 

The lining of blood vessels, known as the 
endothelium, plays an important role in blood 
circulation and vascular injury recovery. 
Endothelial cells serve metabolic and 
endocrine functions through the exchange 
of metabolites and hormones between 

Jillings S, Pechenkova E, Tomilovskaya ES, Rukavishnikov IV, Jeurissen B, et al. Prolonged microgravity induces reversible and 
persistent changes on human cerebral connectivity. Communications Biology. 2023 January 13; 6(1): 46. DOI: 10.1038/s42003-022-
04382-w.

Figure 16. ESA astronaut Thomas Pesquet on the space station, showing 
on the tablet his brain scanned pre-flight for the BRAIN-DTI project.

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=996
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=996
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=996
https://www.nature.com/articles/s42003-022-04382-w
https://www.nature.com/articles/s42003-022-04382-w
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the bloodstream and surrounding tissues. 
Despite its importance to human health, little is 
known about the impact of spaceflight on the 
endothelium. 

In the study, researchers examined the 
function of the endothelium and its interaction 
with the immune system by collecting 
indicators of blood flow and immune health 
(i.e., anticoagulant receptors, various white 
blood cells, and cytokine secretions). Blood 
samples were obtained from 15 crew members 
before and after spaceflight. 

Results showed increases and decreases 
in different blood-based indicators after 
spaceflight (Figure 17). Notably, these varying 
changes characterized the state of the immune 
system. That is, higher concentrations of 
biomarkers indicating endothelial dysfunction 
correlated with increased production of 
proteins that regulate immune responses. 
These results suggest a tendency toward 
increased blood clotting upon return to Earth. 
Changes to biomarkers involved in both 
endothelial function and inflammation may in 
turn affect the immune response. 

Understanding the effect of spaceflight on 
blood vessel damage and blood flow enables 
researchers to develop countermeasures 
that prevent coagulation during long duration 
missions to the Moon or Mars. 

Kuzichkin DS, Nichiporuk IA, Zhuravleva OA, Markin AA, Rykova MP, et al. Endothelial dysfunction markers and immune 
response indices in cosmonauts’ blood after long-duration space flights. npj Microgravity. 2022 November 2; 8(1): 1-9. DOI: 
10.1038/s41526-022-00237-0. 

Figure 17. Data on von Willebrand factor, a protein involved in blood flow 
arrest, and leukocyte concentrations before spaceflight (baseline), one day 
and seven days after spaceflight. Increased endothelial dysfunction tends to 
occur in tandem with increased production of multiple white cell types one 
day after spacelfight. Image adopted from Kuzichkin, npj Microgravity.

https://www.nature.com/articles/s41526-022-00237-0


A view of a transparent FLUIDICS sphere aboard space station. The FLUIDICS 
investigation studies the dynamics of liquid sloshing to better understand turbulence 
in spacecraft tanks and to optimize fuel use. NASA ID: iss066e146914. 

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=2043
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=2043
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The investigation The  
Materials International 
Space Station  
Experiment-13-NASA 
(MISSE-13-NASA)  
encompasses a group of 
experiments that examine the 

effect of the space environment on material 
quality. MISSE experiments fly similar  
materials on multiple missions to better  
understand degradation, predict durability, 
ensure feasibility of in-space manufacturing, 
and prepare for long-term use of materials in a 
harsh environment. 

For 10 months, a promising low-cost, high- 
performing semiconductor material known as 
Metal Halide Perovskites (MHP) that absorbs 
sunlight and converts it into electrical energy 
was exposed to the space environment as 
encapsulated thin films. Confocal microscopy 
analysis conducted postflight on the ground 
showed localized surface defects (i.e.,  
bubbles) that resulted from trapped moisture, 
and 13 percent of its surface was optically 
inactive. However, the surface flaws, carrier 
recombination lifespan, and response to solar 
exposure were repaired or improved after 15 
hours of solar illumination of the sample  
(Figure 18). 

These results demonstrate that MHPs in micro-
gravity have a stable response to solar light, 
can be restored, and have a good charge  
lifespan that assists in overcoming the known 
longevity issues of MHP devices. Improved 
MHPs could lead to enhancements in solar 
cells, light emitting diodes, and optoelectron-

ic devices, which could in turn assist in the 
development of life support systems, telecom-
munications, and electric propulsion systems 
to support space exploration. 

The JAXA investigation Hour-
glass examines the behavior 
of granular materials in  
various low-gravity environ-
ments aiming to enhance the 
design of spacecraft, landers, 
and other mobility systems. 

The Moon, Mars, and asteroids in our solar 
system can be covered by a layer of loose  
material known as regolith. To ensure the  

The presence of gravity greatly influences our understanding of physics and the development of fundamental 
mathematical models that reflect how matter behaves. The space station is the only laboratory where 
scientists can study long-term physical effects without the complications of gravity-related processes such 
as convection and sedimentation. This unique environment allows different physical properties to dominate 
systems, and scientists are harnessing these properties for a wide variety of investigations in the physical 
sciences. From the beginning of station to date, more than 700 articles have been published in the area of 
Physical Science.

Delmas W, Erickson S, Arteaga J, Woodall M, Scheibner M, et al. Evaluation of hybrid perovskite prototypes after 10-month space flight on 
the International Space Station. Advanced Energy Materials. 2023 May 19; 13(19): 2203920. DOI: 10.1002/aenm.202203920.

Figure 18. Confocal flourescence images of Earth control samples (A and B, with 
and without a layer of silicon dioxide, repectively), fligh (C) and flight sample after 
light exposure (D). Images adopted from Delmas, Advanced Energy Materials.
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https://onlinelibrary.wiley.com/doi/10.1002/aenm.202203920


Publication Highlights
Physical Science

26

proper functioning of the equipment developed 
for use on the celestial surface, it is essential to 
conduct a ground test that verifies the reaction 
force and the sinkage caused by loose regolith. 
Previous research has employed computerized 
simulations to predict equipment performance 
in the most challenging environments. 

A recent study published in npj Microgravity 
provides verification of the hypothesis of gran-
ular flows by analyzing data from experiments 
conducted on the station under various levels 
of artificial gravity (0.063 to 2.0 times Earth’s 
gravity).  

The hourglass device was designed to control 
the flow of alumina beads, silica sand,  
Toyoura sand, and five variations of regolith 
simulants as analogous grains (Figure 19). 
Stable gravitational fields were generated 
by rotating a centrifuge and flipping an hour-

glass-shaped instrument in the Japanese 
Experiment Module (JEM). 

The researchers found that the low-gravity 
behavior of grains generally follows  
previously postulated physical laws of flow 
rate, but with some differences. And the  
researchers presumed that the bulk density of 
the flow is unstable but decreases with gravity. 
In addition, the researchers observed that the 
specific type of granular material and slant 

angle in the hourglass influenced the flow rate, 
with powder-like material adhering, depositing, 
and aggregating in the device. 

These findings can improve simulations and 
inform the development of advanced technol-
ogies for successful roving on extraterrestrial 
bodies. 

The ESA investigation FSL 
Soft Matter Dynamics - 
Hydrodynamics of Wet 
Foams (FOAM) examines 
changes to liquid foams, 
(e.g., soap and champagne) 
in microgravity. On Earth, 

bubbles in liquids rapidly rise to the top and the 
liquid moves to the bottom of a container due 
to gravity. In microgravity, however, changes to 
the liquid foam are slower and can be studied 
in detail. Through this station research, inves-
tigators enhance the understanding of liquid 
foams to design better liquid systems in agri-
culture, brewery, detergent, and oil industries. 

In a new study published in Soft Matter,  
researchers observed changes to the size and 
distribution of bubbles created in microgravity 
by mixing water with a pure and chemically 
stable foaming agent. Researchers tested 
several mixed samples using 11 different liquid 
amounts (e.g., 15 percent water, 20 percent 
water, up to 50 percent water) to identify which 
liquid percentage most effectively led to the 
growth and dispersion of the bubbles  
(transitioning from a soft gel-like network of 
packed bubbles to a more liquefied solution). A 
camera recorded the changes in the samples, 
and manual analyses of the images occurred 
on Earth. 

Researchers revealed that small bubbles 
shrank and large bubbles grew even larger 
over time because of pressure dynamics 
in the bubbles (Figure 20). Additionally, 

Ozaki S, Ishigami G, Otsuki M, Miyamoto H, Wada K, et al. Granular flow experiment using artificial gravity generator at International Space 
Station. npj Microgravity. 2023 August 8; 9(1): 1-13. DOI: 10.1038/s41526-023-00308-w. 

Figure 19. The state of Deposition after the hourglass is inverted and the 
granular particles have moved through the neck. Image provided by 
Hourglass research team.
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researchers identified that 
bubbles transitioned from 
a crowded to a scattered 
arrangement when 
the mixture contained 
39 percent liquid. This 
finding differed from their 
theoretical prediction 
of 31 percent liquid to 
observe such transition in 
microgravity. As packed 
bubbles separated 
and diffused, distorted 
polyhedral-shaped bubbles became more 
spherical and uniform. Weak interactions 
and reduced contact forces among bubbles 
may explain their separation and dispersion. 
Despite the uniqueness of these results, 
researchers also acknowledge similarities 
to phase separation in alloys and capillary 
pressure changes observed in biology. 

By studying the mechanical properties of 
liquid foams, researchers can learn how to 
stabilize and enhance their shelf life. This 
research not only improves liquid systems but 
also contributes to the improvement of foam 
solidification in applications such as packaging, 
insulation, and car-collision prevention through 
metallic foams. 

 

Pasquet M, Galvani N, Requier A, Cohen-Addad S, Hohler R, et al. Coarsening transitions of wet liquid foams under microgravity condi-
tions. Soft Matter. 2023 August 8; 19(33): 6267-6279. DOI: 10.1039/d3sm00535f. 

Figure 20. Changes in bubble size in a mixture of foaming agent and 25 percent liquid after approximately five and a half 
hours. Image adopted from Pasquet, Soft Matter.

https://pubs.rsc.org/en/content/articlelanding/2023/SM/D3SM00535F


A view of a transparent FLUIDICS sphere aboard space station. The 
FLUIDICS investigation studies the dynamics of liquid sloshing to better 

A preflight view of JAXA’s CubeSat WARP-01. The satellite, developed by the University of Tsukuba 
and Warpspace, was deployed during the JEM Small Satellite Orbital Deployer-16 (J-SSOD-16) 
micro-satellite deployment mission. NASA ID: jsc2020e049613.

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8451
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Guatemala’s Quetzal-1 
CubeSat satellite (Figure 
21) was successfully 
deployed from the JEM Small 
Satellite Orbital Deployer-13 
(J-SSOD-13) on space 
station. This investigation 

demonstrated passive magnetic attitude control 
capabilities using the Earth’s magnetic field to 
nullify rotations in six degrees of freedom and 
accurately control attitude and pointing. The 
passive Attitude Determination and Control 
System (ADCS) was used to allow ground 
target imagery over the mission’s geographical 
zone of interest, Guatemala. In order to 
reduce the size required for the hardware, the 
Quetzal-1 Satellite used two hysteresis rods 
and a 0.74 ampere-meter squared permanent 
magnet. 

The Singular Value Decomposition (SVD) 
method was implemented for attitude 
determination together with a three-axis 
magnetometer and two photodiodes on each 
of the satellite’s six sides with only the Z axis 
showing effects by other magnetic components 
within the satellite hardware. Attitude control 
was successfully accomplished after ± 25 
degrees per second rotations on each axis 
immediately after deployment. Anomalies 
included the magnetometer occasionally 
transmitting zero data when the temperature 
dropped below 10 degrees Celsius and 
changes to the magnet torque and oscillation 
amplitude values during South Atlantic 
Anomaly (SAA) passes. 

The capability to control satellite attitude 
stabilization and pointing with minimal 
hardware is a critical factor for future orbiting 
satellite designs where weight and volume are 
limiting factors.

The NASA investigation 
Spacecraft Fire 
Experiment-IV (Saffire-
IV) examines fire spread 
in different materials and 
under different conditions 
using the Cignus resupply 

vehicle after it leaves station. 

The danger of uncontrolled fire on a 
spacecraft can have devastating if not fatal 
consequences. Materials that fly on station 
go through a rigorous screening process to 
characterize their fire hazard. However, since 
there is no way to properly simulate those 
characteristics on the ground, it is necessary 
to observe and study actual flame conditions 

Future exploration — the return to the Moon and human exploration of Mars — presents many technological 
challenges. Studies on the space station can test a variety of technologies, systems, and materials that 
are needed for future exploration missions. Some technology development investigations have been so 
successful that the test hardware has been transitioned to operational status. Other results feed new 
technology development. From the beginning of station to date, more than 600 articles have been published in 
the area of Technology Development and Demonstration.

Alvarez D, Aguilar-Nadalini A, Bagur JA, Ayerdi V, Zea L. Design and on-orbit performance of the attitude determination and passive control 
system for the Quetzal-1 CubeSat. Journal of Small Satellites. 2023 May/June; 12(2): 1231-1247. Webpage.

Figure 21. Photo of Quetzal-1 prior to spaceflight. Image obtained from Quetzal-1 
research team. 
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in a microgravity environment. 
The Saffire-IV experiment 
provides the means to perform 
large scale studies of flames 
in microgravity conditions. 
The work published in 
the Proceedings of the 
Combustion Institute shows 
a methodology developed 
to determine the average 
temperature of flames 
spreading over a thin solid 
surface in microgravity using 
a testbed aboard a re-entering 
Cygnus spacecraft. 

The testbed is safely ignited 
while the Cygnus spacecraft 
is undocked and safely away 
from the space station as it 
enters the Earth’s atmosphere 
prior to burning up during re-
entry. The burn sample was 40.64 centimeter 
wide by 50 centimeter long and was mounted 
on a metal frame in the center of the flow 
tunnel and consisted of a thin fabric made of 
cotton and fiberglass called Sibal. Images of 
the testbed burning were taken along with 
data from four thermocouple and radiometers. 
The raw imagery was analyzed using two-
color broadband emission pyrometry (B2CP) 
as a method to measure high temperatures. 
The results from imagery analysis showed an 
average temperature of 1300 Kelvin, which 
remained constant during the flame spread 
(Figure 22).

This study provides a better understanding 
of flame properties in microgravity essential 
to validate numerical models and develop 
methods to prevent and respond to the 
occurrence of fire accidents that could 
endanger the success of a mission and the 
safety of the crew.

The NASA investigation 
Astrobee Maneuvering 
by Robotic Manipulator 
Hopping (Astrobatics) aims 
to develop robotic hopping 
capabilities in an orbital 
environment (i.e., space 

station or artificial satellites). While robotic 
hopping has already been demonstrated on an 
asteroid surface, robotic hopping in challenging 
environments where the surfaces are made of 
different materials or there are obstacles such 
as tools and wiring had not been tested until 
now.

In a recent study published in Acta Astronatica, 
researchers tested motion theory and 
methodology previously developed. In the 
applied study on station, the robots self-tossed 
from a grasped handrail or a free-floating 
condition to another distal or proximal surface 
using a mechanical arm that opens and closes 
the robot’s gripper (Figure 23).

Thomsen M, Cruz JJ, Escudero F, Fuentes A, Fernandez-Pello AC, et al. Determining flame temperature by broadband two color pyrometry 
in a flame spreading over a thin solid in microgravity. Proceedings of the Combustion Institute. 2023 June 7; 39(3): 3909-3918. DOI: 
10.1016/j.proci.2022.07.237.

Figure 22. Camera snapshots at different times in the experiment and corresponding temperatures using 
broadband emissions pyrometry. Image adopted from Thomsen, Proceedings of the Combustion Institute. 
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Results showed that proximal self-
toss maneuvers on the space station 
had a greater range of motion, and 
displacement compared favorably to 
simulation models. However, tests 
on station showed a greater value of 
angular displacement, causing the 
robots to tumble off-axis compared to 
the simulation. While improvements 
in hardware and modeling are 
needed to fix this discrepancy, the 
results of this study demonstrate, for 
the first time, the successful self-toss 
locomotion of robots in a spacecraft.

Self-toss or hopping maneuvers 
allow robots to go across a 
spacecraft or celestial body surface 
to reach a work site without the 
need for propellant. These hopping 
maneuvers in microgravity represent a major 
step toward developing autonomous robots 
that can perform important and potentially 
dangerous tasks in space, reducing the risks to 
astronauts. 

Figure 23. Test of Robot’s gripper at NASA Ames Research Center. Image adopted from  
Kwok-Choon, Acta Astronautica.

Kwok Choon ST, Romano M, Hudson J. Orbital hopping maneuvers with Astrobee on-board the International Space Station. Acta 
Astronautica. 2023 June; 207: 62-76. DOI: 10.1016/j.actaastro.2023.02.034.

https://www.sciencedirect.com/science/article/pii/S0094576523000991?via%3Dihub


Figure 24. Word Cloud of 31 recently ranked top-tier journals that have published station science since 2003. Larger words indicate more articles published in the journal.
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BIOLOGY AND BIOTECHNOLOGY
Advanced Plant EXperiments-03-1 (APEX-
03-1) — Nakashima J, Pattathil S, Avci U, Chin 
S, Sparks JA, et al. Glycome profiling and 
immunohistochemistry uncover changes in 
cell walls of Arabidopsis thaliana roots during 
spaceflight. npj Microgravity. 2023 August 22; 9(1): 
1-13. DOI: 10.1038/s41526-023-00312-0. 

Advanced Plant EXperiment-07 (APEX-07) — 
Meyers AD, Land ES, Perera IY, Canaday E, Wyatt 
SE. Polyethersulfone (PES) membrane on agar 
plates as a plant growth platform for spaceflight. 
Gravitational and Space Research. 2022 January; 
10(1): 30-36. DOI: 10.2478/gsr-2022-0004.*

Analysis of a Novel Sensory Mechanism in Root 
Phototropism (Tropi) — Hughes AM, Vandenbrink 
JP, Kiss JZ. Efficacy of the random positioning 
machine as a terrestrial analogue to microgravity 
in studies of seedling phototropism. Microgravity 
Science and Technology. 2023 August 14; 35(4): 
43. DOI: 10.1007/s12217-023-10066-9. 

BioScience-4 (STaARS BioScience-4) — Shaka 
S, Carpo N, Tran V, Cepeda C, Espinosa-Jeffrey A. 
Space microgravity alters neural stem cell division: 
Implications for brain cancer research on Earth 
and in space. International Journal of Molecular 
Sciences. 2022 November 18; 23(22): 14320. DOI: 
10.3390/ijms232214320. 

BioScience-4 (STaARS BioScience-4) — Tran 
V, Carpo N, Cepeda C, Espinosa-Jeffrey A. 
Oligodendrocyte progenitors display enhanced 
proliferation and autophagy after space flight. 
Biomolecules. 2023 February; 13(2): 201. DOI: 
10.3390/biom13020201. 

Biotube-Magnetophoretically Induced 
Curvature in Roots (Biotube-MICRO) — 
Hasenstein KH, Park MR, John SP, Ajala C. High-
gradient magnetic fields and starch metabolism: 
Results from a space experiment. Scientific 
Reports. 2022 October 29; 12(1): 18256. DOI: 
10.1038/s41598-022-22691-2. 

Characterization of Biofilm Formation, Growth, 
and Gene Expression on Different Materials 
and Environmental Conditions in Microgravity 
(Space Biofilms) — Flores P, McBride SA, 
Galazka JM, Varanasi KK, Zea L. Biofilm formation 
of Pseudomonas aeruginosa in spaceflight is 
minimized on lubricant impregnated surfaces. npj 
Microgravity. 2023 August 16; 9(1): 1-14. DOI: 
10.1038/s41526-023-00316-w. 

Characterization of Biofilm Formation, 
Growth, and Gene Expression on Different 
Materials and Environmental Conditions in 
Microgravity (Space Biofilms) — Hupka M, Kedia 
R, Schauer R, Shepard B, Granados-Presa M, 
et al. Morphology of Penicillium rubens biofilms 
formed in space. Life. 2023 April; 13(4): 1001. DOI: 
10.3390/life13041001. 

Clustered Regularly Interspaced Short 
Palindromic Repeats (CRISPR) Space 
Diagnostics (Ax-1 CRISPR) — Alon DM, 
Mittelman K, Stibbe E, Countryman S, Stodieck 
LS, et al. CRISPR-based genetic diagnostics 
in microgravity. Biosensors and Bioelectronics. 
2023 October 1; 237: 115479. DOI: 10.1016/j.
bios.2023.115479.

Development of the On-Board Monitoring 
System for Microorganisms in Potable Water 
on Manned Spacecraft (Micro Monitor) — Ichijo 
T, Uchii K, Sekimoto K, Minakami T, Sugita T, et 
al. Bacterial bioburden and community structure 
of potable water used in the International Space 
Station. Scientific Reports. 2022 September 29; 
12(1): 16282. DOI: 10.1038/s41598-022-19320-3.*

Determining Muscle Strength in Space-flown 
Caenorhabditis elegans (Micro-16) — Soni P, 
Anupom T, Lesanpezeshki L, Rahman M, Hewitt 
Jeet, al. Microfluidics-integrated spaceflight 
hardware for measuring muscle strength of 
Caenorhabditis elegans on the International Space 
Station. npj Microgravity. 2022 November 7; 8(1): 
1-12. DOI: 10.1038/s41526-022-00241-4. 

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1019
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1019
https://www.nature.com/articles/s41526-023-00312-0
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8299
https://sciendo.com/article/10.2478/gsr-2022-0004
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=302
https://link.springer.com/article/10.1007/s12217-023-10066-9
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7503
https://www.mdpi.com/1422-0067/23/22/14320
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7503
https://www.mdpi.com/2218-273X/13/2/201
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=864
https://www.nature.com/articles/s41598-022-22691-2
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7955
https://www.nature.com/articles/s41526-023-00316-w
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7955
https://www.mdpi.com/2075-1729/13/4/1001
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8661
https://www.sciencedirect.com/science/article/pii/S0956566323004219?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0956566323004219?via%3Dihub
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8119
https://www.nature.com/articles/s41598-022-19320-3
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=7654
https://www.nature.com/articles/s41526-022-00241-4


List of Archived Space Station Publications
Oct. 1, 2022 - Sept. 30, 2023

34

Effect of the Space Environment on the Neural 
Integration System and Aging of the Model 
Animal C. elegans  (Neural Integration System 
/ Molecular Muscle) — Kim B, Alcantara, Jr. 
AV, Moon J, Higashitani A, Higashitani N, et al. 
Comparative analysis of muscle atrophy during 
spaceflight, nutritional deficiency and disuse in the 
nematode Caenorhabditis elegans. International 
Journal of Molecular Sciences. 2023 August 10; 
24(16): 12640. DOI: 10.3390/ijms241612640. 

GeneLAB — Barker RJ, Kruse CP, Johnson CM, 
Saravia-Butler AM, Fogle H, et al. Meta-analysis of 
the space flight and microgravity response of the 
Arabidopsis plant transcriptome. npj Microgravity. 
2023 March 20; 9(1): 21. DOI: 10.1038/s41526-
023-00247-6. 

GeneLAB — Barker RJ, Lombardino J, 
Rasmussen K, Gilroy S. Test of Arabidopsis space 
transcriptome: A discovery environment to explore 
multiple plant biology spaceflight experiments. 
Frontiers in Plant Science. 2020 March 4; 11: 147. 
DOI: 10.3389/fpls.2020.00147.* 

Growth of Large, Perfect Protein Crystals for 
Neutron Crystallography (Perfect Crystals) 
— Lutz WE, Azadmanesh J, Lovelace JJ, 
Kolar C, Coates L, Weiss KL, et al. Perfect 
Crystals: Microgravity capillary counterdiffusion 
crystallization of human manganese superoxide 
dismutase for neutron crystallography. npj 
Microgravity. 2023 June 3; 9(1): 39. DOI: 10.1038/
s41526-023-00288-x. 

Human Muscle Contraction Response in 
Microgravity (Human Muscle-on-Chip) — 
Parafati M, Giza S, Shenoy T, Mojica-Santiago JA, 
Hopf M, et al. Human skeletal muscle tissue chip 
autonomous payload reveals changes in fiber type 
and metabolic gene expression due to spaceflight. 
npj Microgravity. 2023 September 15; 9(1): 77. 
DOI: 10.1038/s41526-023-00322-y. 

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Bauer JN, Bussen M, Wise PM, 
Wehland M, Schneider S, et al. Searching the 
literature for proteins facilitates the identification 
of biological processes, if advanced methods of 
analysis are linked: A case study on microgravity-
caused changes in cells. Expert Review of 
Proteomics. 2016 June 17; 13(7): 697-705. DOI: 
10.1080/14789450.2016.1197775.*

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Corydon TJ, Schulz H, Richter P, 
Strauch SM, Bohmer M, et al. Current knowledge 
about the impact of microgravity on gene 
regulation. Cells. 2023 January; 12(7): 1043. DOI: 
10.3390/cells12071043.

International Space Station Internal 
Environments (ISS Internal Environments / 
Exploration ECLSS: WPA Upgrades) — Castro 
CL, Velez Justiniano Y, Stahl-Rommel SE, Nguyen 
HN, Almengor A, et al. Genome sequences of 
bacteria isolated from the International Space 
Station water systems. Microbiology Resource 
Announcements. 2023 June 7; 12(7): e00158-23. 
DOI: 10.1128/mra.00158-23. 

International Space Station Internal 
Environments (ISS Internal Environments) 
— Foote A, Schutz K, Zhao Z, DiGianivittorio P, 
Korwin-Mihavics BR, et al. Characterizing biofilm 
interactions between Ralstonia insidiosa and 
Chryseobacterium gleum. Microbiology Spectrum. 
2023 April 13; 11(2): e0410522. DOI: 10.1128/
spectrum.04105-22. 

International Space Station Internal 
Environments (ISS Internal Environments) — 
Moukhamedieva L, Ozerov D, Pakhomova A. The 
distribution of trace contaminants in the manned 
space station atmosphere. Acta Astronautica. 
2022 December; 201: 597-601. DOI: 10.1016/j.
actaastro.2022.09.053. 
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International Space Station Internal 
Environments (ISS Internal Environments) — 
Quagliariello A, Cirigliano A, Rinaldi T. Bacilli in 
the International Space Station. Microorganisms. 
2022 November 22; 10(12): 2309. DOI: 10.3390/
microorganisms10122309. 

International Space Station Internal 
Environments (ISS Internal Environments) 
— Rybalchenko OV, Orlova OG, Kapustina 
VV, Popova EV, Kutnik IV. [Trends in formation 
of microbial communities by probiotic bacteria 
Lactobacillus plantarum 8PA-3 on various 
carriers in the space flight environment]. 
Aviakosmicheskaia i Ekologicheskaia Meditsina 
(Aerospace and Environmental Medicine). 2022; 
56(5): 85-95. DOI: 10.21687/0233-528X-2022-56-
5-85-95. 

International Space Station Internal 
Environments (ISS Internal Environments) — 
Velez Justiniano Y, Lim CH, Dunlap DS, Sysoeva 
TA. Genome sequences of three common 
bacterial isolates from wastewater from the Water 
Processor Assembly at the International Space 
Station. Microbiology Resource Announcements. 
2023 January 4; 12(1): e01189-22. DOI: 10.1128/
mra.01189-22. 

International Space Station-Microbial 
Observatory of Pathogenic Viruses, Bacteria, 
and Fungi (ISS-MOP) Project (Microbial 
Tracking-2) — Simpson AC, Eedara VV, Singh NK, 
Damle N, Parker CW, et al. Comparative genomic 
analysis of Cohnella hashimotonis sp. nov. isolated 
from the International Space Station. Frontiers in 
Microbiology. 2023 June 15; 14: 1166013. DOI: 
10.3389/fmicb.2023.1166013. 

International Space Station-Microbial 
Observatory of Pathogenic Viruses, 
Bacteria, and Fungi (ISS-MOP) Project / 
Human Exploration Research Opportunities 
- Differential Effects on Homozygous Twin 
Astronauts Associated with Differences in 
Exposure to Spaceflight Factors (Microbial 
Tracking-2 / Twins Study) — Tierney BT, Singh 
NK, Simpson AC, Hujer AM, Bonomo RA, et al. 
Multidrug-resistant Acinetobacter pittii is adapting 
to and exhibiting potential succession aboard the 
International Space Station. Microbiome. 2022 
December 12; 10(1): 210. DOI: 10.1186/s40168-
022-01358-0. 

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Dawar A, Warmoota R. Influence of 
microgravity on the physiology, pathogenicity and 
antibiotic efficacy of microorganisms. Journal for 
Research in Applied Sciences and Biotechnology. 
2022 December 1; 1(5): 24-35. DOI: 10.55544/
jrasb.1.5.3. 

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Ogneva IV. Single cell in a gravity 
field. Life. 2022 October; 12(10): 1601. DOI: 
10.3390/life12101601. 

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Wright H, Williams A, Wilkinson A, 
Harper L, Savin K, et al. An analysis of publicly 
available microgravity crystallization data: 
Emergent themes across crystal types. Crystal 
Growth and Design. 2022 October 31; 22(12): 
6849-6852. DOI: 10.1021/acs.cgd.2c01056. 
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Investigation of the Osteoclastic and 
Osteoblastic Responses to Microgravity Using 
Goldfish Scales / International Space Station 
Summary of Research Performed (Fish Scales 
/ ISS Summary of Research) — Hirayama J, 
Hattori A, Takahashi A, Furusawa Y, Tabuchi Y, et 
al. Physiological consequences of space flight, 
including abnormal bone metabolism, space 
radiation injury, and circadian clock dysregulation: 
Implications of melatonin use and regulation as a 
countermeasure. Journal of Pineal Research. 2023 
January; 74(1): e12834. DOI: 10.1111/jpi.12834. 

Japan Aerospace Exploration Agency Protein 
Crystallization Growth (JAXA PCG) — Okuda-
Shimazaki J, Yoshida H, Lee I, Kojima K, Suzuki 
N, Tsugawa W, et al. Microgravity environment 
grown crystal structure information based 
engineering of direct electron transfer type glucose 
dehydrogenase. Communications Biology. 2022 
December 6; 5(1): 1-13. DOI: 10.1038/s42003-022-
04286-9. 

JAXA Mouse Habitat Unit — Shimizu R, Hirano 
I, Hasegawa A, Suzuki M, Otsuki A, et al. Nrf2 
alleviates spaceflight-induced immunosuppression 
and thrombotic microangiopathy in mice. 
Communications Biology. 2023 August 25; 6(1): 
875. DOI: 10.1038/s42003-023-05251-w. 

Magnetic 3D Bioprinter — Ermolaeva SA, 
Parfenov VA, Karalkin PA, Khesuani YD, Domnin 
PA. Experimentally created magnetic force in 
microbiological space and on-Earth studies: 
Perspectives and restrictions. Cells. 2023 January; 
12(2): 338. DOI: 10.3390/cells12020338. 

MELiSSA ON board DAnish Utilisation flight 
(MELONDAU) — Fahrion J, Dussap C, Leys 
N. Assessment of batch culture conditions for 
cyanobacterial propagation for a bioreactor 
in space. Frontiers in Astronomy and Space 
Sciences. 2023 April 27; 10: 15pp. DOI: 10.3389/
fspas.2023.1178332. 

Microbial Tracking Payload Series (Microbial 
Observatory-1) — Singh NK, Wood JM, Patane 
J, Silva Moura LM, et al. Characterization of 
metagenome-assembled genomes from the 
International Space Station. Microbiome. 2023 
June; 11(1): 125. DOI: 10.1186/s40168-023-01545-7. 

Muscle Atrophy of Muscle Sparing in 
Transgenic Mice (Rodent Research-1 (CASIS)) 
— Vigil C, Daubenspeck A, Coia H, Smith J, Mauzy 
C. Matrix-assisted laser desorption/ionization 
analysis of the brain proteome of microgravity-
exposed mice from the International Space Station. 
Frontiers in Space Technologies. 2022 November 
16; 3: 971229. DOI: 10.3389/frspt.2022.971229. 

Phase II Real-time Protein Crystal Growth 
on Board the International Space Station 
(RTPCG-2) — Quirk S, Lieberman RL. Structure 
and activity of a thermally stable mutant of 
Acanthamoeba actophorin. Acta Crystallographica 
Section F: Structural Biology Communications. 
2022 April 1; 78(4): 150-160. DOI: 10.1107/
S2053230X22002448.*

RNA Interference and Protein Phosphorylation 
in Space Environment Using the Nematode 
Caenorhabditis elegans (CERISE) — Zhao L, 
Zhang G, Tang A, Huang B, Mi D. Microgravity 
alters the expressions of DNA repair genes 
and their regulatory miRNAs in space-flown 
Caenorhabditis elegans. Life Sciences in Space 
Research. 2023 May; 37: 25-38. DOI: 10.1016/j.
lssr.2023.02.002. 

Rodent Research Hardware and Operations 
Validation (Rodent Research-1) — Veliz AL, 
Mamoun L, Hughes L, Vega R, Holmes B, et al. 
Transcriptomic effects on the mouse heart following 
30 days on the International Space Station. 
Biomolecules. 2023 February; 13(2): 371. DOI: 
10.3390/biom13020371. 

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=766
https://onlinelibrary.wiley.com/doi/10.1111/jpi.12834
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=151
https://www.nature.com/articles/s42003-022-04286-9
https://www.nature.com/articles/s42003-022-04286-9
https://www.nasa.gov/mission/station/research-explorer/facility/?#id=1537
https://www.nature.com/articles/s42003-023-05251-w
https://www.mdpi.com/2073-4409/12/2/338
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1868
https://www.frontiersin.org/articles/10.3389/fspas.2023.1178332/full
https://www.frontiersin.org/articles/10.3389/fspas.2023.1178332/full
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1569
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1569
https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-023-01545-7
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1598
https://www.frontiersin.org/articles/10.3389/frspt.2022.971229/full
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8073
https://onlinelibrary.wiley.com/iucr/doi/10.1107/S2053230X22002448
https://onlinelibrary.wiley.com/iucr/doi/10.1107/S2053230X22002448
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=148
https://www.sciencedirect.com/science/article/pii/S2214552423000160?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2214552423000160?via%3Dihub
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1052
https://www.mdpi.com/2218-273X/13/2/371


List of Archived Space Station Publications
Oct. 1, 2022 - Sept. 30, 2023

37

Rodent Research Hardware and Operations 
Validation (Rodent Research-1) — Vitry G, 
Finch R, McStay G, Beheshti A, Dejean S, et al. 
Muscle atrophy phenotype gene expression during 
spaceflight is linked to a metabolic crosstalk in 
both the liver and the muscle in mice. iScience. 
2022 September 24; 105213. DOI: 10.1016/j.
isci.2022.105213.*

Rodent Research Hardware and Operations 
Validation / Effects of the Space Environment 
on the Blood and Lymphatic Vessels of the 
Head and Neck, the Knee and Hip Joints, and 
the Eyes / Space Flight Environment Induces 
Remodeling of Vascular Network and Glia-
Vascular Communication in Mouse Retina 
(Rodent Research-1 / Rodent Research-9 /
Rodent Research-18) — Baranowski RW, Braun 
JL, Hockey BL, Yumol JL, Geromella MS, et al. 
Toward countering muscle and bone loss with 
spaceflight: GSK3 as a potential target. iScience. 
2023 July 21; 26(7): 107047. DOI: 10.1016/j.
isci.2023.107047. 

Role of Environmental Stress-responsive 
Transcription Factor Nrf2 in Space Stress 
(Mouse Habitat Unit -3 (Mouse Stress Defense)) 
— Han Y, Shi S, Liu S, Gu X. Effects of spaceflight 
on the spleen and thymus of mice: Gene pathway 
analysis and immune infiltration analysis. 
Mathematical Biosciences and Engineering: MBE. 
2023 March 3; 20(5): 8531-8545. DOI: 10.3934/
mbe.2023374. 

Science for the Improvement of Future Space 
Exploration (ISS Exploration) — Alvarado KA, 
Garcia Martinez JB, Brown MM, Christodoulou X, 
et al. Food production in space from CO2 using 
microbial electrosynthesis. Bioelectrochemistry. 
2023 February; 149: 108320. DOI: 10.1016/j.
bioelechem.2022.108320. 

Seedling Growth-1, 2, and 3 — Medina F, 
Manzano A, Herranz R, Kiss JZ. Red light 
enhances plant adaptation to spaceflight and Mars 
g-levels. Life. 2022 October; 12(10): 1484. DOI: 
10.3390/life12101484. 

Space Flight Environment Induces Remodeling 
of Vascular Network and Glia-Vascular 
Communication in Mouse Retina (Rodent 
Research-18) — Mao XW, Stanbouly S, Holley 
JM, Pecaut MJ, Crapo J. Evidence of spaceflight-
induced adverse effects on photoreceptors and 
retinal function in the mouse eye. International 
Journal of Molecular Sciences. 2023 April 17; 
24(8): 7362. DOI: 10.3390/ijms24087362. 

Space Omics Analysis of the Skin Microbiome 
of Diabetic Foot Ulcers (SpaceOMIX) (Ice 
Cubes #9 - Project Maleth) — Gatt C, Tierney 
BT, Madrigal P, Mason CE, Beheshti A, et al. 
The Maleth program: Malta’s first space mission 
discoveries on the microbiome of diabetic foot 
ulcers. Heliyon. 2022 December; 8(12): e12075. 
DOI: 10.1016/j.heliyon.2022.e12075. 

Studies on gravity-controlled growth and 
development in plants using true microgravity 
conditions (Auxin Transport) — Yamazaki C, 
Yamazaki T, Kojima M, Takebayashi Y, Sakakibara 
H, et al. Comprehensive analyses of plant 
hormones in etiolated pea and maize seedlings 
grown under microgravity conditions in space: 
Relevance to the International Space Station 
experiment “Auxin Transport”. Life Sciences in 
Space Research. 2023 February; 36: 138-146. 
DOI: 10.1016/j.lssr.2022.10.005. 

Systemic Therapy of NELL-1 for Osteoporosis 
(Rodent Research-5) — Bedree JK, Kerns 
K, Chen T, Lima BP, Liu G, et al. Specific host 
metabolite and gut microbiome alterations are 
associated with bone loss during spaceflight. 
Cell Reports. 2023 May 30; 42(5): 112299. DOI: 
10.1016/j.celrep.2023.112299. 

Systemic Therapy of NELL-1 for Osteoporosis 
(Rodent Research-5) — Ha P, Kwak J, Zhang Y, 
Shi J, Tran L, et al. Bisphosphonate conjugation 
enhances the bone-specificity of NELL-1-based 
systemic therapy for spaceflight-induced bone loss 
in mice. npj Microgravity. 2023 September 18; 9(1): 
1-15. DOI: 10.1038/s41526-023-00319-7. 
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Tissue Regeneration-Bone Defect (Rodent 
Research-4 (CASIS)) — Shishkina VV, Kostin A, 
Volodkin A, Samoilova V, Buchwalow I, et al. The 
remodeling of dermal collagen fibrous structures 
in mice under zero gravity: The role of mast cells. 
International Journal of Molecular Sciences. 
2023 January 18; 24(3): 1939. DOI: 10.3390/
ijms24031939. 

Transcriptome analysis and germ-cell 
development analysis of mice in the space / 
JAXA Mouse Habitat Unit Technical Verification 
/ JAXA Mouse Habitat Unit-5 (MHU-1 Mouse 
Epigenetics/ Mouse Habitat Verification / Mouse 
Habitat Unit - 5 ) — Hayashi T, Fujita R, Okada R, 
Hamada M, Suzuki R, et al. Lunar gravity prevents 
skeletal muscle atrophy but not myofiber type shift 
in mice. Communications Biology. 2023 April 21; 
6(1): 424. DOI: 10.1038/s42003-023-04769-3. 

Transfer of Plasmid DNA During Conjugation 
in Spaceflight (Plasmid) — Ilyin VC, Orlov OI, 
Skedina M, Korosteleva A, Molodtsova D, et 
al. Mathematical model of antibiotic resistance 
determinants’ stability under space flight conditions. 
Astrobiology. 2023 March 31; 23(4): 407-414. DOI: 
10.1089/ast.2022.0076. 

Transfer of Plasmid DNA During Conjugation 
in Spaceflight (Plasmid) — Ilyin VC, Skedina 
M, Solovieva ZO, Artamonov A. Databases of 
the evolution of the microbiome and its drug 
susceptibility in astronauts and hermetic facility 
operators. Journal of Space Safety Engineering. 
2023 June; 10(2): 161-165. DOI: 10.1016/j.
jsse.2023.03.011.

Using Brachypodium distachyon to 
Investigate Monocot Plant Adaptation to 
Spaceflight (APEX-06) — Su S, Levine HG, 
Masson P. Brachypodium distachyon seedlings 
display accession-specific morphological and 
transcriptomic responses to the microgravity 
environment of the International Space Station. 
Life. 2023 March; 13(3): 626. DOI: 10.3390/
life13030626.

Wound Healing and Sutures in Unloading 
Conditions (Suture In Space) — Cialdai F, Bacci 
S, Zizi V, Norfini A, Balsamo M, et al. Optimization 
of an ex-vivo human skin/vein model for long-
term wound healing studies: Ground preparatory 
activities for the ‘Suture in Space’ experiment 
onboard the International Space Station. 
International Journal of Molecular Sciences. 2022 
November 16; 23(22): 14123. DOI: 10.3390/
ijms232214123.

EARTH AND SPACE SCIENCE
Alpha Magnetic Spectrometer - 02 (AMS-02) 
— Aguilar-Benitez M, Cavasonza LA, Ambrosi 
G, Arruda MF, et al. Temporal structures in 
electron spectra and charge sign effects in 
galactic cosmic rays. Physical Review Letters. 
2023 April 17; 130(6): 161001. DOI: 10.1103/
PhysRevLett.130.161001. 

Alpha Magnetic Spectrometer - 02 (AMS-02) — 
Berdugo J, AMS-02Collaboration. AMS highlights. 
37th International Cosmic Ray Conference (ICRC 
2021), Online - Berlin, Germany; 2022 March 18. 
016. DOI: 10.22323/1.395.0016.*

Alpha Magnetic Spectrometer - 02 (AMS-
02) — Chang YH, AMS-02 Collaboration. 
Latest results from the AMS experiment. JPS 
Conference Proceedings; 2023. DOI: 10.7566/
JPSCP.39.011006. 

Alpha Magnetic Spectrometer - 02 (AMS-02) 
— Chen Y, Paniccia M, AMS-02Collaboration. 
Properties of iron primary cosmic rays: Results 
from the Alpha Magnetic Spectrometer. 37th 
International Cosmic Ray Conference (ICRC 2021), 
Online - Berlin, Germany; 2022 March 18. 129. 
DOI: 10.22323/1.395.0129.*

Alpha Magnetic Spectrometer - 02 (AMS-
02) — Donato F, DiMauro M, Manconi S. On 
the interpretation of the latest AMS-02 cosmic 
ray electron spectrum. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 154. DOI: 
10.22323/1.395.0154.* 
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Alpha Magnetic Spectrometer - 02 (AMS-02) — 
Faldi F, Bertucci B, Tomassetti N, Vagelli V. Real-
time monitoring of solar energetic particles outside 
the ISS with the AMS-02 instrument. Rendiconti 
Lincei. Scienze Fisiche e Naturali. 2023 June; 34: 
339-345. DOI: 10.1007/s12210-023-01156-2. 

Alpha Magnetic Spectrometer - 02 (AMS-
02) — Korsmeier M, Cuoco A. The role of 
systematic uncertainties on our understanding 
of cosmic-ray diffusion: An analysis of AMS-02 
data from lithium to oxygen. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 176. DOI: 
10.22323/1.395.0176.*

Alpha Magnetic Spectrometer - 02 (AMS-02) — 
Liu Z, Paniccia M, Zhang C, AMS-02Collaboration. 
Properties of cosmic aluminum nuclei: Results 
from the Alpha Magnetic Spectrometer. 37th 
International Cosmic Ray Conference (ICRC 2021), 
Online - Berlin, Germany; 2022 March 18. 110. 
DOI: 10.22323/1.395.0110.*

Alpha Magnetic Spectrometer - 02 (AMS-02) 
— Molero M, Casaus J, Mana C, VelascoFrutos 
MA. Anisotropy of positron and electron 
fluxes measured with the Alpha Magnetic 
Spectrometer on the ISS. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 120. DOI: 
10.22323/1.395.0120.* 

Alpha Magnetic Spectrometer - 02 (AMS-02) 
— Vagelli V, Graziani M. The AMS-02 detector on 
the ISS - Status and highlights after 11 years on 
orbit. Journal of Physics: Conference Series. 2023 
February; 2429(1): 012002. DOI: 10.1088/1742-
6596/2429/1/012002. 

Alpha Magnetic Spectrometer - 02 (AMS-02) 
— VelascoFrutos MA, Casaus J, Mana C, Molero 
M. Anisotropy of protons and light primary nuclei 
in cosmic rays measured with the Alpha Magnetic 
Spectrometer on the ISS. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 108. DOI: 
10.22323/1.395.0108.* 

Alpha Magnetic Spectrometer - 02 (AMS-
02) — Yan Q, Choutko V. Properties of heavy 
secondary fluorine cosmic rays results from the 
Alpha Magnetic Spectrometer. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 104. DOI: 
10.22323/1.395.0104.* 

Alpha Magnetic Spectrometer - 02 (AMS-02) 
— Yan Q, Choutko V. Properties of secondary 
cosmic ray nuclei: Eleven-year results from the 
Alpha Magnetic Spectrometer. Proceedings of 
38th International Cosmic Ray Conference — PoS 
(ICRC2023), Nagoya, Japan; 2023 July 25. 078. 
DOI: 10.22323/1.444.0078. 

An Educational CubeSat Developed at the 
Technical University of Moldova (TUMnanoSAT) 
— Bostan V, Secrieru N, Ilco V, Melnic V, Martiniuc 
A, et al. Tumnanosat nanosatellite and Kibocube 
program. 2020 13th International Conference 
on Communications (COMM), Bucharest, 
Romania; 2020 June 18. 503-508. DOI: 10.1109/
COMM48946.2020.9142025.*

Astrobiology Exposure and Micrometeoroid 
Capture Experiments (Tanpopo) — Kawaguchi 
Y, Sugino T, Tabata MJ, Okudaira K, Imai E, et 
al. Fluorescence imaging of microbe-containing 
particles shot from a two-stage Light-gas gun into 
an aerogel. Origins of life and evolution of the 
biosphere: The Journal of the International Society 
for the Study of the Origin of Life. 2014 August 3; 
44: 43-60. DOI: 10.1007/s11084-014-9361-x.*

Atmosphere-Space Interactions Monitor 
(ASIM) — Huang A, Cummer S, Pu Y, Chanrion 
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intracloud leader. Geophysical Research Letters. 
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Atmosphere-Space Interactions Monitor 
(ASIM) — Li D, Luque A, Lehtinen NG, Gordillo-
Vasquez FJ, Neubert T, et al. Multi-pulse corona 
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and radio bands. Geophysical Research Letters. 
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Atmosphere-Space Interactions Monitor (ASIM) 
— Neubert T, Gordillo-Vasquez FJ, Huntrieser H. 
Optical observations of thunderstorms from the 
International Space Station: Recent results and 
perspectives. npj Microgravity. 2023 February 4; 
9(1): 12. DOI: 10.1038/s41526-023-00257-4. 

Atmosphere-Space Interactions Monitor 
(ASIM) — Skeie CA, Ostgaard N, Mezentsev A, 
Bjorge-Engeland I, Marisaldi M, et al. The temporal 
relationship between terrestrial gamma-ray flashes 
and associated optical pulses from lightning. 
Journal of Geophysical Research: Atmospheres. 
2022 September 16; 127(17): e2022JD037128. 
DOI: 10.1029/2022JD037128.* 

Biofilm Inhibition On Flight Equipment and 
On Board the ISS Using Microbiologically 
Lethal Metal Surfaces (ESA-Biofilms) — Siems 
K, Muller D, Maertens L, Ahmed A, VanHoudt 
R, et al. Testing laser-structured antimicrobial 
surfaces under space conditions: The design of 
the ISS experiment BIOFILMS. Frontiers in Space 
Technologies. 2022 January 3; 2: 18pp. DOI: 
10.3389/frspt.2021.773244.*

Biofilm Inhibition On Flight Equipment and 
On Board the ISS Using Microbiologically 
Lethal Metal Surfaces (ESA-Biofilms) — 
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genomic assessment of the potential threat of 
human spaceflight-relevant Staphylococcus 
capitis isolates under stress conditions. Frontiers 
in Microbiology. 2022 November 3; 13: 1007143. 
DOI: 10.3389/fmicb.2022.1007143.

CALorimetric Electron Telescope (CALET) — 
Adriani O, Akaike Y, Asano K, Asaoka Y, Berti E, et 
al. Charge-sign dependent cosmic-ray modulation 
observed with the Calorimetric Electron Telescope 
on the International Space Station. Physical 
Review Letters. 2023 May 25; 130(21): 211001. 
DOI: 10.1103/PhysRevLett.130.211001. 

CALorimetric Electron Telescope (CALET) — 
Adriani O, Akaike Y, Asano K, Asaoka Y, Berti E, et 
al. Cosmic-ray boron flux measured from 8.4 GeV/n 
to 3.8 TeV/n with the calorimetric electron telescope 
on the International Space Station. Physical 
Review Letters. 2022 December 16; 129(25): 
251103. DOI: 10.1103/PhysRevLett.129.251103. 

CALorimetric Electron Telescope (CALET) — 
Adriani O, Akaike Y, Asano K, Asaoka Y, Berti 
E, et al. Direct measurement of the cosmic-ray 
helium spectrum from 40 GeV to 250 TeV with 
the Calorimetric Electron Telescope on the 
International Space Station. Physical Review 
Letters. 2023 April 27; 130(17): 171002. DOI: 
10.1103/PhysRevLett.130.171002. 

CALorimetric Electron Telescope (CALET) 
— Brogi P, Kobayashi K, CALETCollaboration. 
Measurement of the energy spectrum of cosmic-
ray helium with CALET on the International Space 
Station. 37th International Cosmic Ray Conference 
(ICRC 2021), Online - Berlin, Germany; 2022 
March 18. 101. DOI: 10.22323/1.395.0101.*

CALorimetric Electron Telescope (CALET) — 
Ficklin AW, Bruno A, Blum LW, de Nolfo GA, Guzik 
TG, et al. Statistical analysis into the drivers behind 
relativistic electron precipitation events observed 
by CALET on the International Space Station. 
Proceedings of 38th International Cosmic Ray 
Conference — PoS (ICRC2023), Nagoya, Japan; 
2023 July 25. 176. DOI: 10.22323/1.444.0176. 

CALorimetric Electron Telescope (CALET) — 
Ficklin AW, Cannady N, Rauch BF, Zober WV, 
Hams T, et al. Ultra-heavy cosmic ray analysis 
with CALET on the International Space Station: 
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International Cosmic Ray Conference (ICRC 2021), 
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CALorimetric Electron Telescope 
(CALET) — Kobayashi K, Marrocchesi PS, 
CALETCollaboration. Extended measurement 
of the proton spectrum with CALET on the 
International Space Station. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 098. DOI: 
10.22323/1.395.0098.*

CALorimetric Electron Telescope (CALET) — 
Maestro P, Cannady N, Hams T, Krizmanic JF, Link 
JT, et al. Energy spectra of carbon and oxygen 
cosmic rays with CALET on the International Space 
Station. 37th International Cosmic Ray Conference 
(ICRC 2021), Online - Berlin, Germany; 2022 
March 18. 093. DOI: 10.22323/1.395.0093.* 

CALorimetric Electron Telescope (CALET) — 
Marrocchesi PS, CALETCollaboration. New results 
from the first 5 years of CALET observations on 
the International Space Station. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 010. DOI: 
10.22323/1.395.0010.* 

CALorimetric Electron Telescope (CALET) 
— Miyake S, Cannady N, Hams T, Krizmanic 
JF, Sakai K, et al. Solar modulation during the 
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CALET on the International Space Station. 37th 
International Cosmic Ray Conference (ICRC 2021), 
Online - Berlin, Germany; 2022 March 18. 1270. 
DOI: 10.22323/1.395.1270.* 

CALorimetric Electron Telescope (CALET) 
— Miyake S, Munakata K, Akaike Y, CALET 
Collaboration. Cosmic-ray modulation during solar 
cycles 24-25 transition observed with CALET on 
the International Space Station. Proceedings of 
38th International Cosmic Ray Conference — PoS 
(ICRC2023), Nagoya, Japan; 2023 July 25. 1253. 
DOI: 10.22323/1.444.1253. 

CALorimetric Electron Telescope (CALET) 
— Mori M, Cannady N, Hams T, Krizmanic 
JF, Sakai K, et al. High-energy gamma-ray 
observations above 10 GeV with CALET on the 
International Space Station. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 619. DOI: 
10.22323/1.395.0619.*

CALorimetric Electron Telescope (CALET) — 
Motz HM, Adriani O, Akaike Y, Asano K, Asaoka 
Y, et al. Investigating the Vela SNR’s emission 
of electron cosmic rays with CALET at the 
International Space Station. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 100. DOI: 
10.22323/1.395.0100.* 

CALorimetric Electron Telescope 
(CALET) — Stolzi F, Checchia C, Akaike Y, 
CALETCollaboration. Measurement of the iron 
spectrum with CALET on the International Space 
Station. 37th International Cosmic Ray Conference 
(ICRC 2021), Online - Berlin, Germany; 2022 
March 18. 109. DOI: 10.22323/1.395.0109.*

CALorimetric Electron Telescope (CALET) 
— Tamura T, Akaike Y, Kobayashi K, CALET 
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for 7.5 years on the International Space Station. 
Proceedings of 38th International Cosmic Ray 
Conference — PoS (ICRC2023), Nagoya, Japan; 
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CALorimetric Electron Telescope (CALET) — 
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the International Space Station. 37th International 
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10.22323/1.395.0105.*
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Coronal Diagnostic Experiment (CODEX) 
— Reginald NL, Newmark J, Rastaetter L. A 
Technique to Measure Coronal Electron Density, 
Temperature, and Velocity Above 2.5R from Sun 
Center Using Polarized Brightness Spectrum. Solar 
Physics. 2023 May 30; 298(5): 73. DOI: 10.1007/
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Cosmic Ray Energetics and Mass for the 
International Space Station (ISS-CREAM) — 
Chen Y, Anderson T, Coutu S, LaBree T, Link JT, 
et al. On-orbit energy calibration of the calorimeter 
on the ISS-CREAM instrument using the 
Boronated Scintillator Detector. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 074. DOI: 
10.22323/1.395.0074.* 

Cosmic Ray Energetics and Mass for the 
International Space Station (ISS-CREAM) 
— Choi G, Aggarwal S, Amare Y, Angelaszek 
D, Bowman DP, et al. Analysis result of the 
high-energy cosmic-ray proton spectrum from 
the ISS-CREAM experiment. 37th International 
Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 094. DOI: 
10.22323/1.395.0094.* 

Cosmic Ray Energetics and Mass for the 
International Space Station (ISS-CREAM) 
— Nutter SL, Anderson T, Chen Y, Coutu S, 
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International Space Station (ISS-CREAM). 37th 
International Cosmic Ray Conference (ICRC 2021), 
Online - Berlin, Germany; 2022 March 18. 103. 
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Cosmic Ray Energetics and Mass for the 
International Space Station (ISS-CREAM) — 
Sakai K, Nutter SL, Anderson T, Chen Y, Coutu 
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Cosmic Ray Conference (ICRC 2021), Online 
- Berlin, Germany; 2022 March 18. 080. DOI: 
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Cosmic Ray Energetics and Mass for the 
International Space Station (ISS-CREAM) — Seo 
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(ISS-CREAM) experiment. 37th International 
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Cloud-Aerosol Transport System (CATS) 
— Ren G, Pan B, Wang j, An D, Yang M, et al. 
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in Xinjiang, China. Journal of Atmospheric and 
Solar-Terrestrial Physics. 2023 February; 243: 
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Earth Surface Mineral Dust Source Investigation 
(EMIT) — Green RO, Mahowald N, Thompson 
DR, Ung C, Brodrick P, et al. Performance and 
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mission. 2023 IEEE Aerospace Conference, 
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ECOsystem Spaceborne Thermal Radiometer 
Experiment on Space Station / Orbiting Carbon 
Observatory-3  (ECOSTRESS / OCO-3) — Zhang 
Z, Cescatti A, Wang Y, Gentine P, Xiao J, et al. 
Large diurnal compensatory effects mitigate the 
response of Amazonian forests to atmospheric 
warming and drying. Science Advances. 2023 
May 26; 9(21): eabq4974. DOI: 10.1126/sciadv.
abq4974. 

Biology and Mars Experiment (Expose-R2 
/ EXPOSE-R R3D) — Dachev TP, Litvak ML, 
Benton ER, Ploc O, Tomov BT, et al. The neutron 
dose equivalent rate measurements by R3DR/R2 
spectrometers on the International Space Station. 
Life Sciences in Space Research. 2023 January 
11; epub: DOI: 10.1016/j.lssr.2023.01.001.

EXPOSE-R2-BIOlogy and Mars EXperiment 
(EXPOSE-R2-BIOMEX) — Podolich OV, Zubova 
GV, Orlovska IV, Kukharenko OE, Shyryna TV, et 
al. Komagataeibacter oboediens changes outer 
membrane vesicle-associated activities after 
exposure on the International Space Station. 
Biopolymers and Cell. 2023 June; 39(2): 131-145. 
DOI: 10.7124/bc.000A8D. 

Global Ecosystem Dynamics Investigation 
(GEDI) — Cobb AR, Dommain R, Sukri RS, 
Metali F, Bookhagen B, et al. Improved terrain 
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Global Ecosystem Dynamics Investigation 
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Sensing. 2023 June; 7: 100083. DOI: 10.1016/j.
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of Environment. 2023 July 1; 292: 113575. DOI: 
10.1016/j.rse.2023.113575. 

International Space Station Archaeological 
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station culture: An archaeological analysis. Current 
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DOI: 10.1086/717778.* 

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Heider E, Pesquet T. The Thomas 
Pesquet Proxima Mission: An overview of 
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International Astronautical Congress (IAC), Paris, 
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of Mini-EUSO measurements for a space-
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Mini-EUSO — Casolino M, Barghini D, Battisti 
M, Blaksley C, Belov A, et al. Observation of 
night-time emissions of the Earth in the near UV 
range from the International Space Station with 
the Mini-EUSO detector. Remote Sensing of 
Environment. 2023 January; 284: 113336. DOI: 
10.1016/j.rse.2022.113336

Mini-EUSO — Marcelli, L. Results and 
performance of the Mini-EUSO telescope on 
board the ISS. Proceedings of 38th International 
Cosmic Ray Conference — PoS (ICRC2023), 
Nagoya, Japan; 2023 September. 18pp. DOI: 
10.22323/1.444.0001

Mini-EUSO — Marcelli L, Battisti M, Belov A, 
Bertaina M, Cambiè G, et al. The Mini-EUSO 
telescope on board the ISS: in-flight operations 
and performances. Journal of Physics: Conference 
Series. 2022 November; 2374 (1): 012048. DOI: 
10.1088/1742-6596/2374/1/012048

Monitor of All-sky X-ray Image (MAXI) — Ozaki 
M, Shiokawa K, Kataoka R, Mlynczak MG, Paxton 
LJ, et al. Localized mesospheric ozone destruction 
corresponding to isolated proton aurora coming 
from Earth’s radiation belt. Scientific Reports. 2022 
October 11; 12(1): 16300. DOI: 10.1038/s41598-
022-20548-2. 

Monitor of All-sky X-ray Image (MAXI) — 
Somalwar JJ, Ravi V, Dong DZ, Chen Y, Breen S, 
et al. A candidate relativistic tidal disruption event 
at 340 Mpc. The Astrophysical Journal. 2023 
March; 945(2): 142. DOI: 10.3847/1538-4357/
acbafc. 

Monitor of All-sky X-ray Image (MAXI) — Wang 
C, Liao J, Guan J, Liu Y, Li C, et al. The long-term 
monitoring results of Insight-HXMT in the first 4 yr 
galactic plane scanning survey. The Astrophysical 
Journal Supplement Series. 2023 April; 265(2): 52. 
DOI: 10.3847/1538-4365/acba94. 

Monitor of All-sky X-ray Image (MAXI) 
— Wisniewicz M, Gondek-Rosinska D, 
Slowikowska A, Zdziarski AA, Janiuk A. Long-
term Quasiperiodicity in LMXB 4U 1636–536. The 
Astrophysical Journal. 2023 February; 944(2): 214. 
DOI: 10.3847/1538-4357/aca6e9. 

Monitor of All-sky X-ray Image (MAXI) — 
Torregrosa A, Rodes-Roca JJ, Torrejon JM, 
Sanjurjo-Ferrin G, Bernabeu G. Cen X-3 
as seen by MAXI during six years. Revista 
Mexicana de Astronomía y Astrofísica. 2022 
October 1; 58(2): 355-373. DOI: 10.22201/
ia.01851101p.2022.58.02.15. 

Monitor of All-sky X-ray Image / Neutron star 
Interior Composition Explorer (MAXI / NICER) 
— Alizai K, Chenevez J, Cumming A, Degenaar 
N, Falanga M, et al. A catalog of unusually long 
thermonuclear bursts on neutron stars. Monthly 
Notices of the Royal Astronomical Society. 2023 
May; 521(3): 3608–3624. DOI: 10.1093/mnras/
stad374. 

Monitor of All-sky X-ray Image / Neutron star 
Interior Composition Explorer (MAXI / NICER) 
— Bhowmick R, Debnath D, Chatterjee K, Jana A, 
Nath SK. Properties of MAXI J1348-630 during its 
second outburst in 2019. Galaxies. 2022 October; 
10(5): 95. DOI: 10.3390/galaxies10050095. 

Monitor of All-sky X-ray Image / Neutron 
star Interior Composition Explorer (MAXI / 
NICER) — Debnath D, Chatterjee K, Nath SK, 
Chang HK, Bhowmick R. Properties of 2017–18 
‘failed’ outburst of GX 339-4. Advances in Space 
Research. 2023 April 15; 71(8): 3508-3520. DOI: 
10.1016/j.asr.2022.12.011. 

Monitor of All-sky X-ray Image / Neutron star 
Interior Composition Explorer (MAXI / NICER) 
— Heiland SR, Chatterjee A, Safi-Harb S, Jana A, 
Heyl J. Accretion properties and estimation of spin 
of galactic black hole candidate Swift J1728.9–
3613 with NuSTAR during its 2019 outburst. 
Monthly Notices of the Royal Astronomical Society. 
2023 September; 524(3): 3834-3845. DOI: 
10.1093/mnras/stad2142. 

Monitor of All-sky X-ray Image / Neutron star 
Interior Composition Explorer (MAXI / NICER) 
— Mandal M, Pal S. Timing and spectral studies of 
the X-ray pulsar 2S 1417–624 during the outburst 
in 2021. Astrophysics and Space Science. 2022 
November 23; 367(11): 112. DOI: 10.1007/s10509-
022-04150-6.
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Monitor of All-sky X-ray Image / Neutron star 
Interior Composition Explorer (MAXI / NICER) — 
Neustadt JM, Hinkle JT, Kochanek CS, Reynolds 
MT, Mathur S, et al. Multiple flares in the changing-
look AGN NGC 5273. Monthly Notices of the Royal 
Astronomical Society. 2023 May 21; 521(3): 3810-
3829. DOI: 10.1093/mnras/stad725. 

Neutron star Interior Composition Explorer 
(NICER) — Andreoni I, Coughlin MW, Perley 
DA, Yao Y, Lu W, et al. A very luminous jet from 
the disruption of a star by a massive black hole. 
Nature. 2022 November 30; 612: 430-434. DOI: 
10.1038/s41586-022-05465-8. 

Neutron star Interior Composition Explorer 
(NICER) — Balakrishnan M, Draghis PA, Miller JM, 
Bright J, Fender RP, et al. The black hole candidate 
Swift J1728.9–3613 and the supernova remnant 
G351.9–0.9. The Astrophysical Journal. 2023 April; 
947(1): 38. DOI: 10.3847/1538-4357/acc1c9. 

Neutron star Interior Composition Explorer 
(NICER) — Casten S, Strohmayer TE, Bult PM. 
Hydrogen-triggered X-Ray bursts from SAX 
J1808.4-3658? The onset of nuclear burning. The 
Astrophysical Journal. 2023 May; 948(2): 117. DOI: 
10.3847/1538-4357/acc24f. 

Neutron star Interior Composition Explorer 
(NICER) — Chen CJ, Zhang BB. FRB–SRB–XRB: 
Geometric and relativistic beaming constraints 
of fast radio bursts from the Galactic magnetar 
SGR J1935+2154. Monthly Notices of the Royal 
Astronomical Society. 2023 March 11; 519(4): 
6284-6296. DOI: 10.1093/mnras/stac3747. 

Neutron star Interior Composition Explorer 
(NICER) — Coe MJ, Monageng IM, Kennea JA, 
Buckley DA, Evans PA, et al. SXP 15.6 – an 
accreting pulsar close to spin equilibrium?. Monthly 
Notices of the Royal Astronomical Society. 2022 
July 11; 513(4): 5567-5574. DOI: 10.1093/mnras/
stac1208.*

Neutron star Interior Composition Explorer 
(NICER) — Dou L, Jiang N, Wang T, Shu X, Yang 
H, et al. X-ray view of a merging supermassive 
black hole binary candidate SDSS J1430+2303: 
Results from the first ~200 days of observations. 
Astronomy & Astrophysics. 2022 September 1; 
665: L3. DOI: 10.1051/0004-6361/202244450.*

Neutron star Interior Composition Explorer 
(NICER) — ElHanafy W. Impact of Rastall gravity 
on mass, radius, and sound speed of the pulsar 
PSR J0740+6620. The Astrophysical Journal. 2022 
November; 940(1): 51. DOI: 10.3847/1538-4357/
ac9410. 

Neutron star Interior Composition Explorer 
(NICER) — Gasealahwe KV, Monageng IM, Fender 
RP, Woudt PA, Motta SE, et al. The 2019 outburst 
of AMXP SAX J1808.4–3658 and radio follow up 
of MAXI J0911–655 and XTE J1701–462. Monthly 
Notices of the Royal Astronomical Society. 2023 
May 11; 521(2): 2806-2813. DOI: 10.1093/mnras/
stad649. 

Neutron star Interior Composition Explorer 
(NICER) — Haberl F, Vasilopoulous G, Maitra 
C, Valdes F, Lang D, et al. eRASSt J040515.6-
745202, an X-ray burster in the Magellanic 
Bridge. Astronomy & Astrophysics. 2023 
January; 669(A66): 10pp. DOI: 10.1051/0004-
6361/202245015. 

Neutron star Interior Composition Explorer 
(NICER) — Hamaguchi K, Reep JW, Airapetian 
V, Toriumi S, Gendreau KC, et al. Delayed 
development of cool plasmas in X-ray flares from 
the young sun-like star κ1 Ceti. The Astrophysical 
Journal. 2023 February; 944(2): 163. DOI: 
10.3847/1538-4357/acae8b. 

Neutron star Interior Composition Explorer 
(NICER) — Hinkle JT, Kochanek CS, Shappee 
BJ, Vallely PJ, Auchettl K, et al. TESS shines light 
on the origin of the ambiguous nuclear transient 
ASASSN-18el. Monthly Notices of the Royal 
Astronomical Society. 2023 May 21; 521(3): 3517-
3526. DOI: 10.1093/mnras/stad746. 
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Neutron star Interior Composition Explorer 
(NICER) — Ho WC, Kuiper LM, Espinoza CM, 
Guillot S, Ray PS, et al. Timing six energetic 
rotation-powered X-ray pulsars, including the fast-
spinning young PSR J0058-7218 and Big Glitcher 
PSR J0537-6910. The Astrophysical Journal. 2022 
November 1; 939(1): 7pp. DOI: 10.3847/1538-
4357/ac8743. 

Neutron star Interior Composition Explorer 
(NICER) — Hou X, Ge M, Ji L, Zhang S, You Y, et 
al. Fan-beamed X-ray emission from 1 to above 
130 keV from the Ultraluminous X-ray pulsar RX 
J0209.6-7427 in the small magellanic cloud. The 
Astrophysical Journal. 2022 October; 938(2): 149. 
DOI: 10.3847/1538-4357/ac8c93. 

Neutron star Interior Composition Explorer 
(NICER) — Illiano G, Papitto A, Sanna A, Bult PM, 
Ambrosino F, et al. Timing analysis of the 2022 
outburst of SAX J1808.4-3658: Hints of orbital 
decay. The Astrophysical Journal Letters. 2023 
January; 942(2): L40. DOI: 10.3847/2041-8213/
acad81. 

Neutron star Interior Composition Explorer 
(NICER) — Jaisawal GK, Vasilopoulous G, Naik 
S, Maitra C, Malacaria C, et al. On the cyclotron 
absorption line and evidence of the spectral 
transition in SMC X-2 during 2022 giant outburst. 
Monthly Notices of the Royal Astronomical Society. 
2023 March 23; 521(3): 3951-3961. DOI: 10.1093/
mnras/stad781. 

Neutron star Interior Composition Explorer 
(NICER) — Jia S, Qu J, Lu F, Zhang L, Zhang S, 
et al. Study on the properties of NBOs in two Z 
sources Cyg X-2 and Sco X-1 with NICER data. 
Monthly Notices of the Royal Astronomical Society. 
2023 March 23; 521: 4792–4800. DOI: 10.1093/
mnras/stad876. 

Neutron star Interior Composition Explorer 
(NICER) — Karaferias AS, Vasilopoulous G, 
Petropoulou M, Jenke PA, Wilson-Hodge CA, 
et al. A Bayesian approach for torque modelling 
of BeXRB pulsars with application to super-
Eddington accretors. Monthly Notices of the Royal 
Astronomical Society. 2023 March; 520(1): 281-
299. DOI: 10.1093/mnras/stac3208. 

Neutron star Interior Composition Explorer 
(NICER) — Kashyap U, Chakraborty M, 
Bhattacharyya S, Ram B. Broadband spectro-
temporal investigation of neutron star low-mass 
X-raybinary GX 349+2. Monthly Notices of the 
Royal Astronomical Society. 2023 May 30; 523(2): 
2788-2806. DOI: 10.1093/mnras/stad1606. 

Neutron star Interior Composition Explorer 
(NICER) — Krawczynski HS, Muleri F, Dovciak M, 
Veledina A, RodriquezCavero N, et al. Polarized 
x-rays constrain the disk-jet geometry in the black 
hole x-ray binary Cygnus X-1. Science. 2022 
November 11; 378(6620): 650-654. DOI: 10.1126/
science.add5399. 

Neutron star Interior Composition Explorer 
(NICER) — Kushwaha A, Jayasurya K, Agrawal 
VK, Nandi A. IXPE and NICER view of black hole 
X-ray binary 4U 1630–47: First significant detection 
of polarized emission in thermal state. Monthly 
Notices of the Royal Astronomical Society. 2023 
September 1; 524(1): L15-L20. DOI: 10.1093/
mnrasl/slad070. 

Neutron star Interior Composition Explorer 
(NICER) — Liu J, Ji L, Ge M. The Spin-down 
Accretion Regime of Galactic Ultraluminous 
X-Ray Pulsar Swift J0243.6+6124. The 
Astrophysical Journal. 2023 June; 950(1): 42. DOI: 
10.3847/1538-4357/accf83. 

Neutron star Interior Composition Explorer 
(NICER) — Liu Z, Malyali A, Krumpe M, Homan 
D, Goodwin AJ, et al. Deciphering the extreme 
X-ray variability of the nuclear transient eRASSt 
J045650.3-203750. A likely repeating partial tidal 
disruption event. Astronomy & Astrophysics. 2023 
January; 669(A75): 26pp. DOI: 10.1051/0004-
6361/202244805. 

Neutron star Interior Composition Explorer 
(NICER) — Liu J, Vasilopoulous G, Ge M, Ji L, 
Weng SS, et al. Comparing the super-Eddington 
accretion of SMC X-3 and RX J0209.6-7427 with 
Swift J0243.6+6124. Monthly Notices of the Royal 
Astronomical Society. 2022 December 11; 517(3): 
3354-3361. DOI: 10.1093/mnras/stac2746. 

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://iopscience.iop.org/article/10.3847/1538-4357/ac8743
https://iopscience.iop.org/article/10.3847/1538-4357/ac8743
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://iopscience.iop.org/article/10.3847/1538-4357/ac8c93
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://iopscience.iop.org/article/10.3847/2041-8213/acad81
https://iopscience.iop.org/article/10.3847/2041-8213/acad81
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://academic.oup.com/mnras/article-abstract/521/3/3951/7079147?redirectedFrom=fulltext&login=true
https://academic.oup.com/mnras/article-abstract/521/3/3951/7079147?redirectedFrom=fulltext&login=true
https://www.nasa.gov/mission_pages/station/research/experiments/explorer/search.html?#q=nicer&i=&p=&c=&g=&s=&a=
https://academic.oup.com/mnras/article-abstract/521/3/4792/7085002?redirectedFrom=fulltext&login=true
https://academic.oup.com/mnras/article-abstract/521/3/4792/7085002?redirectedFrom=fulltext&login=true
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://academic.oup.com/mnras/article-abstract/520/1/281/6823707?redirectedFrom=fulltext&login=true
https://www.nasa.gov/mission_pages/station/research/experiments/explorer/search.html?#q=nicer&i=&p=&c=&g=&s=&a=
https://academic.oup.com/mnras/article-abstract/523/2/2788/7181494?redirectedFrom=fulltext&login=true
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://www.science.org/doi/10.1126/science.add5399
https://www.science.org/doi/10.1126/science.add5399
https://www.nasa.gov/mission_pages/station/research/experiments/explorer/search.html?#q=nicer&i=&p=&c=&g=&s=&a=
https://academic.oup.com/mnrasl/article-abstract/524/1/L15/7192446?redirectedFrom=fulltext&login=true
https://academic.oup.com/mnrasl/article-abstract/524/1/L15/7192446?redirectedFrom=fulltext&login=true
https://www.nasa.gov/mission_pages/station/research/experiments/explorer/search.html?#q=nicer&i=&p=&c=&g=&s=&a=
https://iopscience.iop.org/article/10.3847/1538-4357/accf83
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://www.aanda.org/articles/aa/full_html/2023/01/aa44805-22/aa44805-22.html
https://www.aanda.org/articles/aa/full_html/2023/01/aa44805-22/aa44805-22.html
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://academic.oup.com/mnras/article-abstract/517/3/3354/6724254?redirectedFrom=fulltext&login=true


List of Archived Space Station Publications
Oct. 1, 2022 - Sept. 30, 2023

47

Neutron star Interior Composition Explorer 
(NICER) — Lu Y, Li ZS, Pan YY, Yu W, Chen 
YP, et al. Type I X-ray bursts’ spectra and fuel 
composition from the atoll and transient source 
4U 1730–22. Astronomy & Astrophysics. 2023 
February 1; 670: A87. DOI: 10.1051/0004-
6361/202244984. 

Neutron star Interior Composition Explorer 
(NICER) — Ma X, Zhang L, Tao L, Bu Q, 
Qu J, et al. A detailed view of low-frequency 
quasi-periodic oscillation in the broadband 
0.2–200 keV with Insight-HXMT and NICER. The 
Astrophysical Journal. 2023 May; 948(2): 116. DOI: 
10.3847/1538-4357/acc4c3. 

Neutron star Interior Composition Explorer 
(NICER) — Malacaria C. Timing the X-ray pulsating 
companion of the hot-subdwarf HD 49798 with 
NICER. Monthly Notices of the Royal Astronomical 
Society. 2023 May 30; 523(2): 3043-3048. DOI: 
10.1093/mnras/stad1611. 

Neutron star Interior Composition Explorer 
(NICER)  — Malacaria C, Ducci L, Falanga M, 
Altamirano D, Bozzo E, et al. The unaltered pulsar: 
GRO J1750-27, a supercritical X-ray neutron 
star that does not blink an eye. Astronomy & 
Astrophysics. 2023 January; 669(A38): 11pp. DOI: 
10.1051/0004-6361/202245123. 

Neutron star Interior Composition Explorer 
(NICER) — Malyali A, Liu Z, Merloni A, Rau A, 
Buchner J, et al. eRASSt J074426.3+291606: 
prompt accretion disc formation in a ‘faint and slow’ 
tidal disruption event. Monthly Notices of the Royal 
Astronomical Society. 2023 April; 520(3): 4209-
4225. DOI: 10.1093/mnras/stad046. 

Neutron star Interior Composition Explorer 
(NICER) — Malyali A, Liu Z, Rau A, Grotova I, 
Merloni A, et al. The rebrightening of a ROSAT 
-selected tidal disruption event: repeated weak 
partial disruption flares from a quiescent galaxy? 
Monthly Notices of the Royal Astronomical Society. 
2023 April; 520(3): 3549-3559. DOI: 10.1093/
mnras/stad022. 

Neutron star Interior Composition Explorer 
(NICER) — Marshall HL, Ng M, Rogantini D, Heyl 
J, Tsygankov SS, et al. Observations of 4U 1626–
67 with the Imaging X-Ray Polarimetry Explorer. 
The Astrophysical Journal. 2022 November 20; 
940(70): 13. DOI: 10.3847/1538-4357/ac98c2. 

Neutron star Interior Composition Explorer 
(NICER) — Ng M, Remillard RA, Steiner JF, 
Chakrabarty D, Pasham DR. Spectral evolution of 
ultraluminous X-ray pulsar NGC 300 ULX-1. The 
Astrophysical Journal. 2022 December 1; 940(2): 
138. DOI: 10.3847/1538-4357/ac9965. 

Neutron star Interior Composition Explorer 
(NICER) — Omama T, Tsujimoto M, Ebisawa K, 
Mizumoto M. X-ray time lag evaluation of MAXI 
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analysis. The Astrophysical Journal. 2023 March; 
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Neutron star Interior Composition Explorer 
(NICER) — Partington ER, Cackett EM, Kara E, 
Kriss GA, Barth AJ, et al. AGN STORM 2. III. A 
NICER view of the variable X-ray obscurer in Mrk 
817. The Astrophysical Journal. 2023 April; 947(1): 
2. DOI: 10.3847/1538-4357/acbf44. 

Neutron star Interior Composition Explorer 
(NICER) — Pasham DR, Lucchini M, Laskar T, 
Gompertz BP, Srivastav S, et al. The birth of a 
relativistic jet following the disruption of a star by a 
cosmological black hole. Nature Astronomy. 2023 
January; 7: 88-104. DOI: 10.1038/s41550-022-
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Neutron star Interior Composition Explorer 
(NICER) — Payne AV, Auchettl K, Shappee BJ, 
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Neutron star Interior Composition Explorer 
(NICER) — Peirano V, Mendez M, Garcia F, Belloni 
TM. Dual-corona Comptonization model for the 
type-b quasi-periodic oscillations in GX 339-4. 
Monthly Notices of the Royal Astronomical Society. 
2023 February 11; 519(1): 1336-1348. DOI: 
10.1093/mnras/stac3553. 

Neutron star Interior Composition Explorer 
(NICER) — Prabhakar G, Mandal S, R BG, Nandi 
A. Wideband study of the brightest black hole X-ray 
binary 4U 1543-47 in the 2021 outburst: Signature 
of disk-wind regulated accretion. Monthly Notices 
of the Royal Astronomical Society. 2023 April; 
520(4): 4889-4901. DOI: 10.1093/mnras/stad080. 

Neutron star Interior Composition Explorer 
(NICER) — Rai B, Paul B, Tobrej M, Ghising M, 
Tamang R, et al. Spectral properties of the Be/X-
ray pulsar 2S 1553-542 during type II outbursts. 
Journal of Astrophysics and Astronomy. 2023 April 
28; 44(1): 39. DOI: 10.1007/s12036-023-09928-w. 

Neutron star Interior Composition Explorer 
(NICER) — Rawat D, Mendez M, Garcia 
F, Altamirano D, Karpouzas K, et al. The 
comptonizing medium of the black hole X-ray 
binary MAXI J1535-571 through type-C quasi-
periodic oscillations. Monthly Notices of the Royal 
Astronomical Society. 2023 March 21; 520(1): 113-
128. DOI: 10.1093/mnras/stad126. 

Neutron star Interior Composition Explorer 
(NICER) — Rout SK, Vadawale S, Garcia JA, 
Connors RM. Revisiting the galactic X-ray binary 
MAXI J1631–479: Implications for high inclination 
and a massive black hole. The Astrophysical 
Journal. 2023 February; 944(1): 68. DOI: 
10.3847/1538-4357/acaaa4. 

Neutron star Interior Composition Explorer 
(NICER) — Saha D, Mandal M, Pal S. Swift 
J1728.9-3613 is a black hole X-ray binary: A 
spectral and timing study using NICER. Monthly 
Notices of the Royal Astronomical Society. 2023 
February 11; 5119(1): 519-529. DOI: 10.1093/
mnras/stac3575. 

Neutron star Interior Composition Explorer 
(NICER) — Salmi T, Vinciguerra S, Choudhury 
D, Riley TE, Watts AL, et al. The radius of PSR 
J0740+6620 from NICER with NICER background 
estimates. The Astrophysical Journal. 2022 
December; 941(2): 150. DOI: 10.3847/1538-4357/
ac983d. 

Neutron star Interior Composition Explorer 
(NICER) — Shahbaz T, Paice JA, Rajwade KM, 
Veledina A, Gandhi P, et al. A rapid optical and 
X-ray timing study of the neutron star X-ray binary 
Swift J1858.6–0814. Monthly Notices of the Royal 
Astronomical Society. 2023 March; 520(1): 542–
559. DOI: 10.1093/mnras/stad163. 

Neutron star Interior Composition Explorer 
(NICER) — Serim MM, Donmez CK, Serim D, 
Ducci L, Baykal A, et al. Timing analysis of Swift 
J0243.6+6124 with NICER and Fermi/GBM during 
the decay phase of the 2017–2018 outburst. 
Monthly Notices of the Royal Astronomical Society. 
2023 July 11; 522(4): 6115-6122. DOI: 10.1093/
mnras/stad1407. 

Neutron star Interior Composition Explorer 
(NICER) — Wevers T, Coughlin ER, Pasham DR, 
Guolo M, Sun Y, et al. Live to die another day: 
The rebrightening of AT 2018fyk as a repeating 
partial tidal disruption event. The Astrophysical 
Journal Letters. 2023 January; 942(2): L33. DOI: 
10.3847/2041-8213/ac9f36. 

Neutron star Interior Composition Explorer 
(NICER) — Yao Y, Lu W, Guolo M, Pasham 
DR, Gezari S, et al. The tidal disruption event 
AT2021ehb: Evidence of relativistic disk reflection, 
and rapid evolution of the disk–corona system. The 
Astrophysical Journal. 2022 September; 937(1): 8. 
DOI: 10.3847/1538-4357/ac898a.*

Neutron star Interior Composition Explorer 
(NICER) — Yoneda H, Bosch-Ramon V, Enoto T, 
Khangulyan D, Ray PS, et al. Unveiling properties 
of the nonthermal X-ray production in the gamma-
ray binary LS 5039 using the long-term pattern of 
its fast X-ray variability. The Astrophysical Journal. 
2023 May; 948(2): 77. DOI: 10.3847/1538-4357/
acc175. 
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Neutron star Interior Composition Explorer 
(NICER) — Younes GA, Baring MG, Harding AK, 
Enoto T, Wadiasingh Z, et al. Magnetar spin-down 
glitch clearing the way for FRB-like bursts and a 
pulsed radio episode. Nature Astronomy. 2023 
March; 7: 339-350. DOI: 10.1038/s41550-022-
01865-y. 

Orbiting Carbon Observatory-3 (OCO-3) — Bell 
E, O’Dell CW, Taylor TE, Merrelli A, Nelson RR, 
et al. Exploring bias in the OCO-3 snapshot area 
mapping mode via geometry, surface, and aerosol 
effects. Atmospheric Measurement Techniques. 
2023 January 12; 16(1): 109-133. DOI: 10.5194/
amt-16-109-2023. 

STP-H5-Lightning Imaging Sensor (STP-H5 
LIS) — Fadli S, Rawal BS. Hybrid quantum-
classical machine learning for near real-time 
space to ground communication of ISS Lightning 
Imaging Sensor data. 2023 IEEE 13th Annual 
Computing and Communication Workshop 
and Conference (CCWC), Las Vegas, Nevada; 
2023 March 8-11. 0114-0122. DOI: 10.1109/
CCWC57344.2023.10099338. 

STP-H5-Lightning Imaging Sensor (STP-H5 
LIS) — Gautam A, Singh V, Gautam AS, Kumar 
PR, Soni PS, et al. Lightning development over 
the distinct climate regions of Uttarakhand, India. 
Indian Journal of Science and Technology. 2023 
March 4; 16(9): 632-639. DOI: 10.17485/IJST/
v16i9.1886. 

STP-H5-Lightning Imaging Sensor (STP-H5 
LIS) — Kalapuge V, Maduranga D, Alahacoon 
N, Edirisinghe M, Abeygunawardana R, et al. 
Overview of lightning trend and recent lightning 
variability over Sri Lanka. ISPRS International 
Journal of Geo-Information. 2023 February; 12(2): 
67. DOI: 10.3390/ijgi12020067. 

Stratospheric Aerosol and Gas Experiment 
III-ISS (SAGE III-ISS) — Bhatta S, Pandit AK, 
Loughman R, Vernier J. Three-wavelength 
approach for aerosol-cloud discrimination in the 
SAGE III/ISS aerosol extinction dataset. Applied 
Optics. 2023 May; 62(13): 3454-3466. DOI: 
10.1364/AO.485466. 

Stratospheric Aerosol and Gas Experiment 
III-ISS (SAGE III-ISS) — Cisewski M, Zawodny 
JM, Gasbarre J, Eckman R, Topiwala N, et al. 
The Stratospheric Aerosol and Gas Experiment 
(SAGE III) on the International Space Station (ISS) 
mission. Sensors, Systems, and Next-Generation 
Satellites XVIII, Amsterdam, Netherlands; 2014 
November 11. 59-65. DOI: 10.1117/12.2073131.*

Stratospheric Aerosol and Gas Experiment 
III-ISS (SAGE III-ISS) — Natarajan M, Damadeo 
RP, Flittner DE. Solar occultation measurement 
of mesospheric ozone by SAGE III/ISS: impact 
of variations along the line of sight caused by 
photochemistry. Atmospheric Measurement 
Techniques. 2023 January 10; 16(1): 75-87. DOI: 
10.5194/amt-16-75-2023. 

Synchronized Position Hold, Engage, 
Reorient, Experimental Satellites-Zero-
Robotics (SPHERES-Zero-Robotics) — Nag 
S, Hoffman JA, de Weck O. Collaborative and 
educational crowdsourcing of spaceflight software 
using SPHERES Zero Robotics. International 
Journal of Space Technology Management and 
Innovation. 2012 June; 2(2): 1-23. DOI: 10.4018/
ijstmi.2012070101.*

Tel Aviv University Satellite-1 (TAUSAT-1) — 
Verker R, Keren E, Refaeli N, Carmiel Y, Bolker 
A, et al. Measurements of material erosion 
in space by atomic oxygen using the on-orbit 
material degradation detector. Acta Astronautica. 
2023 October; 211: 818-826. DOI: 10.1016/j.
actaastro.2023.07.020.

HUMAN RESEARCH
Advanced Resistive Exercise Device / Cycle 
Ergometer with Vibration Isolation and 
Stabilization  System (ARED / CEVIS) — Scott 
JM, Feiveson AH, English KL, Spector ER, Sibonga 
JD, et al. Effects of exercise countermeasures on 
multisystem function in long duration spaceflight 
astronauts. npj Microgravity. 2023 February 3; 9(1): 
11. DOI: 10.1038/s41526-023-00256-5. 

https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1705
https://www.nature.com/articles/s41550-022-01865-y
https://www.nature.com/articles/s41550-022-01865-y
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1786
https://amt.copernicus.org/articles/16/109/2023/
https://amt.copernicus.org/articles/16/109/2023/
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1750
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1750
https://ieeexplore.ieee.org/document/10099338
https://ieeexplore.ieee.org/document/10099338
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1750
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1750
https://indjst.org/articles/lightning-development-over-the-distinct-climate-regions-of-uttarakhand-india
https://indjst.org/articles/lightning-development-over-the-distinct-climate-regions-of-uttarakhand-india
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1750
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=1750
https://www.mdpi.com/2220-9964/12/2/67
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=976
https://opg.optica.org/ao/fulltext.cfm?uri=ao-62-13-3454&id=529399
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=976
https://www.spiedigitallibrary.org/conference-proceedings-of-spie/9241/924107/The-Stratospheric-Aerosol-and-Gas-Experiment-SAGE-III-on-the/10.1117/12.2073131.full?SSO=1
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=976
https://amt.copernicus.org/articles/16/75/2023/
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=679
https://www.igi-global.com/gateway/article/75304
https://www.igi-global.com/gateway/article/75304
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=8513
https://www.sciencedirect.com/science/article/pii/S0094576523003715?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0094576523003715?via%3Dihub
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=973
https://www.nasa.gov/mission/station/research-explorer/investigation/?#id=821
https://www.nature.com/articles/s41526-023-00256-5


List of Archived Space Station Publications
Oct. 1, 2022 - Sept. 30, 2023

50

Biochemical Profile / Nutritional Status 
Assessment / Dietary Intake Can Predict and 
Protect Against Changes in Bone Metabolism 
during Spaceflight and Recovery (Biochem 
Profile / Nutrition / Pro K) — Stroud JE, Gale MS, 
Zwart SR, Heer MA, Smith SM, et al. Longitudinal 
metabolomic profiles reveal sex-specific 
adjustments to long-duration spaceflight and return 
to Earth. Cellular and Molecular Life Sciences. 
2022 November 1; 79(11): 578. DOI: 10.1007/
s00018-022-04566-x. 

Biomedical Analyses of Human Hair Exposed 
to a Long-term Space Flight (Hair) — Sakharkar 
A, Yang J. Designing a novel monitoring approach 
for the effects of space travel on astronauts’ health. 
Life. 2023 February 18; 13(2): 576. DOI: 10.3390/
life13020576. 

Brain-DTI (Brain-DTI) — Jillings S, Pechenkova 
E, Tomilovskaya ES, Rukavishnikov IV, Jeurissen 
B, et al. Prolonged microgravity induces reversible 
and persistent changes on human cerebral 
connectivity. Communications Biology. 2023 
January 13; 6(1): 46. DOI: 10.1038/s42003-022-
04382-w. 

Brain-DTI (Brain-DTI) — Romanella SM, 
Mencarelli L, Seyedmadani K, Jillings S, 
Tomilovskaya ES, et al. Optimizing transcranial 
magnetic stimulation for spaceflight applications. 
npj Microgravity. 2023 March 28; 9(1): 26. DOI: 
10.1038/s41526-023-00249-4. 

Cardiac and Vessel Structure and Function 
with Long-Duration Space Flight and Recovery 
(Vascular Echo) — Patterson C, Greaves DK, 
Robertson AD, Hughson RL, Arbeille P. Motorized 
3D ultrasound and jugular vein dimension 
measurement on the International Space Station. 
Aerospace Medicine and Human Performance. 
2023 June 1; 94(6): 466-469. DOI: 10.3357/
AMHP.6219.2023. 

Cardiac Atrophy and Diastolic Dysfunction 
During and After Long Duration Spaceflight: 
Functional Consequences for Orthostatic 
Intolerance, Exercise Capability and 
Risk for Cardiac Arrhythmias (Integrated 
Cardiovascular) — Shibata S, Wakeham DJ, 
Thomas JD, Abdullah SM, Platts SH, et al. Cardiac 
effects of long-duration space flight. Journal of the 
American College of Cardiology. 2023 August 22; 
82(8): 674-684. DOI: 10.1016/j.jacc.2023.05.058. 

Effect of Gravitational Context on EEG 
Dynamics: A Study of Spatial Cognition, 
Novelty Processing and Sensorimotor 
Integration (Neurospat) — Fiedler P, Haueisen 
J, Cebolla Alvarez AM, Cheron G, Cuesta P, et al. 
Noise characteristics in spaceflight multichannel 
EEG. PLOS ONE. 2023 February 17; 18(2): 
e0280822. DOI: 10.1371/journal.pone.0280822. 
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spaceflight on the EEG alpha power and functional 
connectivity. Scientific Reports. 2023 June 11; 
13(1): 9486. DOI: 10.1038/s41598-023-34744-1. 
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(ESA-Active-Dosimeters) — Straube U, Berger 
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(EAD) system onboard the International Space 
Station (ISS). Zeitschrift für Medizinische Physik. 
2023 May 22; epub: 29pp. DOI: 10.1016/j.
zemedi.2023.03.001. 

Exhaled Nitric Oxide-1 (NOA-1) — Karlsson 
LL, Van Muylem A, Linnarsson D. Lung 
diffusing capacity for nitric oxide in space: 
microgravity gas density interactions. Frontiers in 
Physiology. 2023 May 9; 14: 9pp. DOI: 10.3389/
fphys.2023.1161062. 
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Fluid Shifts Before, During and After Prolonged 
Space Flight and Their Association with 
Intracranial Pressure and Visual Impairment 
(Fluid Shifts) — Pardon LP, Greenwald 
SH, Ferguson CR, Patel NB, Young MH, et 
al. Identification of factors associated with 
the development of optic disc edema during 
spaceflight. JAMA Ophthalmology. 2022 
October 27; 140(12): 1193-1200. DOI: 10.1001/
jamaophthalmol.2022.4396. 

International Space Station Medical Monitoring 
(ISS Medical Monitoring) — Gibson CR, Mader 
TH, Lipsky W, Brown DM, Jennings R, et al. 
Implantable collamer lens use in a spaceflight 
participant during short duration spaceflight. 
Aerospace Medicine and Human Performance. 
2023 January; 94(1): 48-50. DOI: 10.3357/
AMHP.6150.2023. 

International Space Station Medical Monitoring 
(ISS Medical Monitoring) — Kuzichkin DS, 
Nichiporuk IA, Zhuravleva OA, Markin AA, Rykova 
MP, et al. Endothelial dysfunction markers and 
immune response indices in cosmonauts’ blood 
after long-duration space flights. npj Microgravity. 
2022 November 2; 8(1): 1-9. DOI: 10.1038/s41526-
022-00237-0. 

International Space Station Medical Monitoring 
(ISS Medical Monitoring) — Makarov IA, Alferova 
IV, Bogomolov VV, Voronkov YI, Anikeev DA. 
OCT diagnostics of optic nerve edema in space 
flight: Analyses of the retina, optic disc, and 
neuroretinal circle thicknesses. Human Physiology. 
2022 December 1; 48(6): 748-758. DOI: 10.1134/
S0362119722700086. 

International Space Station Medical Monitoring 
(ISS Medical Monitoring) — Shamei A, Soskuthy 
M, Stavness I, Gick B. Postural adaptation to 
microgravity underlies fine motor impairment 
in astronauts’ speech. Scientific Reports. 2023 
May 22; 13(1): 8231. DOI: 10.1038/s41598-023-
34854-w. 

International Space Station Medical Monitoring 
(ISS Medical Monitoring) — Stepanova SI, 
Galichiy VA, Nesterov VF, Saraev IF. [Topics 
of cosmonauts’ work and rest management 
on board the International Space Station]. 
Aviakosmicheskaia i Ekologicheskaia Meditsina 
(Aerospace and Environmental Medicine). 2012 
November-December; 46(6): 14-18.*

International Space Station Medical Monitoring 
(ISS Medical Monitoring) — Thamer S, 
Stevanovic M, Buckey, Jr. JC. Pre-flight body 
weight effects on urinary calcium excretion in 
space. npj Microgravity. 2023 June 14; 9(1): 45. 
DOI: 10.1038/s41526-023-00291-2. 

International Space Station Medical Monitoring 
(ISS Medical Monitoring) — Valencia WE, Mason 
SS, Brunstetter TJ, Sargsyan AE, Schaefer CM, 
et al. Evaluation of optic disc edema in long-
duration spaceflight crewmembers using retinal 
photography. Journal of Neuro-Ophthalmology. 
2023 September; 43(3): 364-369. DOI: 10.1097/
WNO.0000000000001787. 

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Bharindwal S, Goswami N, Jha P, 
Pandey S, Jobby R. Prospective use of probiotics 
to maintain astronaut health during spaceflight. 
Life. 2023 March 8; 13(3): 727. DOI: 10.3390/
life13030727. 

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Blue BS. The effect of microgravity 
on parathyroid hormone secretion: A meta-analysis. 
Journal of Endocrinology and Metabolism. 2023 
February 25; 13(1): 1-12. DOI: 10.14740/jem849. 

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Kim DS, Vaquer S, Mazzolai 
L, Roberts LN, Pavela JH, et al. The effect of 
microgravity on the human venous system 
and blood coagulation: a systematic review. 
Experimental Physiology. 2021 March 21; 106(5): 
1149-1158. DOI: 10.1113/EP089409.*
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International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Lu V, Zeidan AR, Mi KL, Miller 
KB, Norman RB, et al. Brain aging hallmarks: A 
primer for future studies on space radiation effects 
NASA STI program report series. NASA Technical 
Publication; 2022 October 11.

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Marotta D, Stoudemire J, Clements 
TS, Loring JF, Grisanti P, et al. Space renaissance 
and neurodegeneration. Spaceflight and the 
Central Nervous System: Clinical and Scientific 
Aspects; 2022. DOI: 10.1007/978-3-031-18440-
6_9. 

International Space Station Summary 
of Research Performed (ISS Summary 
of Research) — Nguyen CN, Urquieta E. 
Contemporary review of dermatologic conditions 
in space flight and future implications for long-
duration exploration missions. Life Sciences in 
Space Research. 2023 February; 36: 147-156. 
DOI: 10.1016/j.lssr.2022.10.004. 

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Schmidt MA, Goodwin TJ. 
Personalized medicine in human space flight: 
Using Omics based analyses to develop 
individualized countermeasures that enhance 
astronaut safety and performance. Metabolomics. 
2013 June 27; 9: 1134-1156. DOI: 10.1007/s11306-
013-0556-3.*

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Tozzo P, Delicati A, Caenazzo L. 
Skin microbial changes during space flights: A 
systematic review. Life. 2022 October; 12(10): 
1498. DOI: 10.3390/life12101498. 

Light Ions Detector for ALTEA (LIDAL) — Di Fino 
L, Romoli G, Amantini GS, Boretti V, Lunati L, et al. 
Radiation measurements in the International Space 
Station, Columbus module, in 2020-2022 with the 
LIDAL detector. Life Sciences in Space Research. 
2023 May 6; epub: 30pp. DOI: 10.1016/j.
lssr.2023.03.007. 

Light Ions Detector for ALTEA (LIDAL) — Romoli 
G, Di Fino L, Amantini GS, Boretti V, Lunati L, et 
al. LIDAL, a time-of-flight radiation detector for 
the International Space Station: Description and 
ground calibration. Sensors. 2023 January; 23(7): 
3559. DOI: 10.3390/s23073559. 

Mechanisms of Sensory-Motor Coordination 
in Weightlessness (Motocard) — Shishkin 
N, Kitov VV, Sayenko D, Tomilovskaya ES. 
Sensory organization of postural control after long 
term space flight. Frontiers in Neural Circuits. 
2023 April 17; 17: 1135434. DOI: 10.3389/
fncir.2023.1135434. 

Medical Proteome Analysis of Osteoporosis 
and Bone Mass-related Proteins Using the Kibo 
Japanese Experiment Module of International 
Space Station (Medical Proteomics) — Egashira 
K, Ino Y, Nakai Y, Ohira T, Akiyama T, et al. 
Identification of gravity-responsive proteins in the 
femur of spaceflight mice using a quantitative 
proteomic approach. Journal of Proteomics. 
2023 July 22; 288: 104976. DOI: 10.1016/j.
jprot.2023.104976. 

Muscle Biopsy — Blottner D, Moriggi M, 
Trautmann G, Hastermann M, Capitanio D, et al. 
Space omics and tissue response in astronaut 
skeletal muscle after short and long duration 
missions. International Journal of Molecular 
Sciences. 2023 January; 24(4): 4095. DOI: 
10.3390/ijms24044095. 

Nutritional Status Assessment / Validation 
of Procedures for Monitoring Crewmember 
Immune Function (Nutrition / Integrated 
Immune) — Zheng M, Charvat JM, Zwart SR, 
Mehta SK, Crucian BE, et al. Time-resolved 
molecular measurements reveal changes in 
astronauts during spaceflight. Frontiers in 
Physiology. 2023 July 14; 14: 1219221. DOI: 
10.3389/fphys.2023.1219221. 
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Physiological Factors Contributing to Postflight 
Changes in Functional Performance (Functional 
Task Test) — Clement GR, Moudy SC, Macaulay 
TR, Bishop MO, Wood SJ. Mission-critical tasks for 
assessing risks from vestibular and sensorimotor 
adaptation during space exploration. Frontiers in 
Physiology. 2022 November 25; 13: 9pp. DOI: 
10.3389/fphys.2022.1029161. 

Prospective Observational Study of Ocular 
Health in ISS Crews (Ocular Health) — Ferguson 
CR, Pardon LP, Laurie SS, Young MH, Gibson CR, 
et al. Incidence and progression of chorioretinal 
folds during long-duration spaceflight. JAMA 
Ophthalmology. 2023 February 1; 141(2): 168-175. 
DOI: 10.1001/jamaophthalmol.2022.5681.

Recovery of Functional Sensorimotor 
Performance Following Long Duration Space 
Flight (Field Test) — Rosenberg MJ, Reschke 
MF, Tomilovskaya ES, Wood SJ. Multiple field 
tests on landing day: Early mobility may improve 
postural recovery following spaceflight. Frontiers in 
Physiology. 2022 September 14; 13: 921368. DOI: 
10.3389/fphys.2022.921368.*

Spaceflight Effects on Neurocognitive 
Performance: Extent, Longevity, and Neural 
Bases (NeuroMapping) — McGregor HR, Hupfeld 
KE, Pasternak O, Beltran NE, De Dios YE, et al. 
Impacts of spaceflight experience on human brain 
structure. Scientific Reports. 2023 June 8; 13(1): 
7878. DOI: 10.1038/s41598-023-33331-8. 

Stability of Pharmacotherapeutic (Stability-
Pharmacotherapeutic) — Reichard JF, Phelps 
SE, Lehnhardt KR, Young MH, Easter BD. The 
effect of long-term spaceflight on drug potency and 
the risk of medication failure. npj Microgravity. 2023 
May 5; 9(1): 35. DOI: 10.1038/s41526-023-00271-
6. 

Study of Processes for Informational Support 
of In-Flight Medical Support using an Onboard 
Medical Information System Integrated into the 
Information Control System of the ISS Russian 
Segment (BIMS) (BIMS) — Orlov OI, Popova II, 
Revyakin YG. [Upgrading methodology and hard- 
and software for obtaining telemedicine video 
information in space flights]. Aviakosmicheskaia 
i Ekologicheskaia Meditsina (Aerospace and 
Environmental Medicine). 2023; 57(2): 14-19. DOI: 
10.21687/0233-528X-2023-57-2-14-19.

Studying the Variations of the Radiation 
Environment Along the Flight Path and in 
Compartments of the International Space 
Station and Time History of Dose Accumulation 
in a Spherical and Torso Phantoms Located 
Inside and Outside the Station-BUBBLE 
(Matryeshka-R BUBBLE) — Mitrikas VG. 
[Effective radiation doses of the Russian members 
of the main ISS missions]. Aviakosmicheskaia 
i Ekologicheskaia Meditsina (Aerospace and 
Environmental Medicine). 2022 June 2; 56(4): 21-
26. DOI: 10.21687/0233-528X-2022-56-4-21-26.* 

The effect of long-term microgravity exposure 
on cardiac autonomic function by analyzing 
48-hours electrocardiogram (Biological 
Rhythms 48hrs) — Otsuka K, Cornelissen G, 
Kubo Y, Shibata K, Mizuno K, et al. Methods for 
assessing change in brain plasticity at night and 
psychological resilience during daytime between 
repeated long-duration space missions. Scientific 
Reports. 2023 July 5; 13(1): 10909. DOI: 10.1038/
s41598-023-36389-6. 

The MARROW study (Bone Marrow Adipose 
Reaction: Red Or White?) (Marrow) — Liu T, 
Melkus G, Ramsay T, Sheikh A, Laneuville O, 
et al. Bone marrow adiposity modulation after 
long duration spaceflight in astronauts. Nature 
Communications. 2023 August 9; 14(1): 4799. DOI: 
10.1038/s41467-023-40572-8. 
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The MARROW study (Bone Marrow Adipose 
Reaction: Red Or White?) (Marrow) — 
Stratis D, Trudel G, Rocheleau L, Pelchat M, 
Laneuville O. The transcriptome response 
of astronaut leukocytes to long missions 
aboard the International Space Station reveals 
immune modulation. Frontiers in Immunology. 
2023 June 22; 14: 1171103. DOI: 10.3389/
fimmu.2023.1171103. 

Time Perception in Microgravity — Kuldavletova 
O, Navarro Morales DC, Quarck G, Denise P, 
Clement GR. Spaceflight alters reaction time 
and duration judgment of astronauts. Frontiers 
in Physiology. 2023 March 17; 14: 10pp. DOI: 
10.3389/fphys.2023.1141078.

Time Perception in Microgravity — Navarro-
Morales DC, Kuldavletova O, Quarck G, Denise 
P, Clement GR. Time perception in astronauts 
on board the International Space Station. npj 
Microgravity. 2023 January 19; 9(1): 6. DOI: 
10.1038/s41526-023-00250-x. 

Vision Impairment and Intracranial Pressure 
(VIIP) — Fall DA, Lee AG, Bershad E, Kramer 
LA, Mader TH, et al. Optic nerve sheath diameter 
and spaceflight: Defining shortcomings and future 
directions. npj Microgravity. 2022 October 6; 8(1): 
1-11. DOI: 10.1038/s41526-022-00228-1. 

Vision Impairment and Intracranial Pressure 
(VIIP) — Stern C, Yucel YH, zu Eulenburg P, Pavy 
Le Traon A, et al. Eye-brain axis in microgravity and 
its implications for Spaceflight Associated Neuro-
ocular Syndrome. npj Microgravity. 2023 July 20; 
9(1): 1-8. DOI: 10.1038/s41526-023-00300-4. 

PHYSICAL SCIENCES 
3D Silicon Detector Telescope / Studying the 
Variations of the Radiation Environment Along 
the Flight Path and in Compartments of the 
International Space Station and Time History 
of Dose Accumulation in a Spherical and 
Torso Phantoms Located Inside and Outside 
the Station-BUBBLE (TriTel / Matryeshka-R 
BUBBLE) — Lishnevskii AE, Ivanova OA, 
Inozemtsev KO, Hirn A, Apathy I, et al. [Monitoring 
radiation loads and quality factor of ionizing space 
radiation in the ISS service module with the use of 
research equipment “Tritel”]. Aviakosmicheskaia 
i Ekologicheskaia Meditsina (Aerospace and 
Environmental Medicine). 2022 June 2; 56(4): 89-
94. DOI: 10.21687/0233-528X-2022-56-4-89-94.*

3D Silicon Detector Telescope / Studying the 
Variations of the Radiation Environment Along 
the Flight Path and in Compartments of the 
International Space Station and Time History 
of Dose Accumulation in a Spherical and 
Torso Phantoms Located Inside and Outside 
the Station-BUBBLE (TriTel / Matryeshka-R 
BUBBLE)  — Lishnevskii AE, Shurshakov 
VA, Kartashov DA. Preliminary results of data 
processing of the TRITEL dosimeter as part of 
the Matryoshka-R space experiment onboard 
the Russian segment of the International Space 
Station. Cosmic Research. 2023 February; 61(1): 
70-79. DOI: 10.1134/S001095252322001X. 

Advanced Combustion via Microgravity 
Experiments (ACME) — Chien Y, Stocker 
DP, Hegde UG, Dunn-Rankin D. Electric-field 
effects on methane coflow flames aboard 
the international space station (ISS): ACME 
E-FIELD flames. Combustion and Flame. 2022 
December 1; 246: 112443. DOI: 10.1016/j.
combustflame.2022.112443. 
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Advanced Combustion via Microgravity 
Experiments (ACME / Flame Design) — Frolov 
SM. Spherical diffusion flame in microgravity 
conditions: First results of joint Russian-American 
space experiment Flame Design - Adamant. 
9TH International Symposium on Nonequilibrium 
Processes, Plasma, Combustion, and Atmospheric 
Phenomena, Sochi, Russia; 2021 October 5-9. 
135-152. DOI: 10.30826/NEPCAP9B-13.* 

Advanced Protein Crystallization Facility / 
Protein Crystallization Diagnostics Facility 
(APCF / PCDF) — Stapelmann J, Smolik G, 
Lautenschlager P, Lork W, Pletser V. Towards 
protein crystal growth on the International Space 
Station (ISS)—innovative tools, diagnostics and 
applications. Journal of Crystal Growth. 2001 
November 1; 232(1): 468-472. DOI: 10.1016/
S0022-0248(01)01082-X.* 

Advanced Twin Lifting and Aerobic System 
/ International Space Station Summary of 
Research Performed (ATLAS / ISS Summary 
of Research) — Pant P, Rajawat AS, Goyal SB, 
Potgantwar A, Bedi P, et al. AI based technologies 
for International Space Station and space data. 
2022 11th International Conference on System 
Modeling & Advancement in Research Trends 
(SMART), Moradabad, India; 2022 December. 19-
25. DOI: 10.1109/SMART55829.2022.10046956. 

Asymmetric Sawtooth and Cavity-Enhanced 
Nucleation-Driven Transport (PFMI-ASCENT) — 
Sridhar K, Narayanan V, Bhavnani S. Asymmetric 
Sawtooth and Cavity-Enhanced Nucleation-
Driven Transport (ASCENT) Experiment aboard 
the International Space Station – Microgravity 
outcomes. 2023 22nd IEEE Intersociety 
Conference on Thermal and Thermomechanical 
Phenomena in Electronic Systems (ITherm), 
Orlando, FL; 2023 May 30. 1-7. DOI: 10.1109/
ITherm55368.2023.10177649. 

Atomic Clock Ensemble in Space (ACES) 
— Gersl J. Relativistic theory for time and 
frequency transfer through flowing media with an 
application to the atmosphere of Earth. Astronomy 
& Astrophysics. 2023 May; 673: A144. DOI: 
10.1051/0004-6361/202345994. 

Bose Einstein Condensate Cold Atom Lab 
(BECCAL) — Marburger JP, Wenzlawski A, 
Rosendo E, Sellami F, Hellmig O, et al. A highly 
stable optical bench system for the NASA-DLR 
BECCAL mission. International Conference on 
Space Optics — ICSO 2022, Dubrovnik, Croatia; 
2022 October 3-7. 170. DOI: 10.1117/12.2690882. 

BRazing of Aluminum alloys IN Space (BRAINS) 
(SUBSA-BRAINS) — Wu Y, Lazaridis K, Krivilyov 
MD, Mesarovic SD, Sekulic DP. Effects of gravity 
on the capillary flow of a molten metal. Colloids 
and Surfaces A: Physicochemical and Engineering 
Aspects. 2023 January 5; 656(Part A): 130400. 
DOI: 10.1016/j.colsurfa.2022.130400. 

Burning Rate Emulator (BRE) — Dehghani P, 
de Ris JL, Quintiere JG. Demonstrating steady 
burning for small flat materials in microgravity in a 
quiescent ambient. Proceedings of the Combustion 
Institute. 2023 June 7; 39(3): 3949-3958. DOI: 
10.1016/j.proci.2022.08.107. 

Burning Rate Emulator (BRE) — Dehghani 
P, Quintiere JG. Theoretical analysis and 
predictions of burning in microgravity using 
a burning emulator. Combustion and Flame. 
2021 November; 233: 111572. DOI: 10.1016/j.
combustflame.2021.111572.* 

Capillary Flow Experiment - 2 (CFE-2) — 
McCraney JT, Bostwick JB, Weislogel MM, Steen 
PH. Bubble migration in containers with interior 
corners under microgravity conditions. Experiments 
in Fluids. 2023 July 27; 64(8): 140. DOI: 10.1007/
s00348-023-03677-w. 

Cold Atom Lab — Gaaloul N, Meister M, Corgier 
R, Pichery A, Boegel P, et al. A space-based 
quantum gas laboratory at picokelvin energy 
scales. Nature Communications. 2022 December 
12; 13(1): 7889. DOI: 10.1038/s41467-022-35274-6. 
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Columnar-to-Equiaxed Transition in 
Solidification Processing (CETSOL) — Abou-
Khalil L, Thompson ZT, Reinhart G, Stan T, 
Sturz L, et al. Three-dimensional investigation of 
fragment distribution in Al – 7 wt.% Si solidified in 
microgravity. Acta Materialia. 2023 May 15; 250: 
118882. DOI: 10.1016/j.actamat.2023.118882. 

Columnar-to-Equiaxed Transition in 
Solidification Processing (CETSOL) — Williams 
TJ, Beckermann C. Benchmark Al-Cu solidification 
experiments in microgravity and on Earth. 
Metallurgical and Materials Transactions A. 2023 
February; 54: 405-422. DOI: 10.1007/s11661-022-
06909-6. 

Columnar-Equiaxed Transition in Solidification 
Processing for the Transparent Alloys 
Instrument (Transparent Alloys - CETSOL) 
— Sturz L, Schraml M, Mockel P, Kohler W, 
Witusiewicz VT, et al. Influence of Soret effect on 
the pre-solidification state in the neopentylglycol-
(D)camphor system during microgravity 
experiments. Journal of Crystal Growth. 2023 
January; 601(1): 126953. DOI: 10.1016/j.
jcrysgro.2022.126953. 

Crystal growth mechanisms associated with 
the macromolecules adsorbed at a growing 
interface - Microgravity effect for self-
oscillatory growth - 2 (Ice Crystal 2) — Miura H, 
Furukawa Y. Spontaneous oscillatory growth of ice 
crystals in supercooled water under a microgravity 
environment: Theoretical hypothesis on the effect 
of antifreeze glycoprotein. Journal of Crystal 
Growth. 2023 February 1; 603: 127044. DOI: 
10.1016/j.jcrysgro.2022.127044. 

Demonstration of Small Optical Communication 
System (SOLISS) — Trinh PV, Kolev DR, 
Shiratama K, Carrasco-Casado A, Munemasa Y, 
et al. Experimental verification of fiber coupling 
characteristics for FSO downlinks from the 
International Space Station. Optics Express. 2023 
February 27; 31(5): 9081-9097. DOI: 10.1364/
OE.484512. 

Detection, Monitoring, and Study of Terrestrial 
Gamma Ray Flashes (TGRF) in Low Earth 
Orbit Using a Rapid Acquisition Atmospheric 
Detector (RAAD) Consisting of Photo-multiplier 
Tubes (PMT) and Silicon Photo-multipliers 
(SiPM) (Light-1) — Di Giovanni A, Arneodo F, 
Alkindi LR, Oikonomou P, Kalos S, et al. The 
scientific payload of LIGHT-1: A 3U CubeSat 
mission for the detection of Terrestrial Gamma-
ray Flashes. Nuclear Instruments and Methods 
in Physics Research Section A: Accelerators, 
Spectrometers, Detectors and Associated 
Equipment. 2023 March 1; 1048: 167992. DOI: 
10.1016/j.nima.2022.167992. 

DEvice for the study of Critical LIquids and 
Crystallization - Directional Solidification Insert 
(DECLIC-DSI) — Song Y, Mota FL, Tourret D, Ji 
K, Billia B, et al. Cell invasion during competitive 
growth of polycrystalline solidification patterns. 
Nature Communications. 2023 April 19; 14(1): 
2244. DOI: 10.1038/s41467-023-37458-0. 

Dose Distribution Inside the International Space 
Station - 3D / Dose Distribution Inside ISS - 
Dosimetry for Biological Experiments in Space 
(DOSIS-3D / DOSIS-DOBIES) — Matthia D, 
Burmeister S, Przybyla B, Berger T. Active radiation 
measurements over one solar cycle with two 
DOSTEL instruments in the Columbus laboratory 
of the International Space Station. Life Sciences in 
Space Research. 2023 April 12; epub: 21pp. DOI: 
10.1016/j.lssr.2023.04.002. 

Effects of Impurities on Perfection of Protein 
Crystals, Partition Functions, and Growth 
Mechanisms (Advanced Nano Step) — Suzuki Y, 
Ninomiya A, Fukuyama S, Shimaoka T, Nagai M, et 
al. Highly purified glucose isomerase crystals under 
microgravity conditions grow as fast as those on 
the ground do. Crystal Growth and Design. 2022 
December 7; 22(12): 7074-7078. DOI: 10.1021/
acs.cgd.2c00751. 
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Electromagnetic Levitator Batch 2 - 
Investigation of Thermophysical Properties 
of Liquid Semiconductors in the Melt and in 
the Undercooled State under Microgravity 
Conditions (EML Batch 2 - SEMITHERM) — 
Bracker GP, Luo Y, Damaschke B, Samwer K, 
Hyers RW. Examining the influence of turbulence 
on viscosity measurements of molten germanium 
under reduced gravity. npj Microgravity. 2022 
November 24; 8(1): 1-4. DOI: 10.1038/s41526-022-
00238-z. 

Electrostatic Levitation Furnace (ELF) — 
Ishikawa T, Paradis P, Koyama C. Thermophysical 
property measurements of refractory oxide 
melts with an Electrostatic Levitation Furnace 
in the International Space Station. Frontiers in 
Materials. 2022 July 22; 9: 11pp. DOI: 10.3389/
fmats.2022.954126.* 

Electrostatic Levitation Furnace (ELF) — 
Nawer J, Ishikawa T, Oda H, Koyama C, Matson 
DM. Uncertainty quantification of thermophysical 
property measurement in space and on Earth: 
A study of liquid Platinum using electrostatic 
levitation. Journal of Astronomy and Space 
Sciences. 2023 September 15; 40(3): 93-100. DOI: 
10.5140/JASS.2023.40.3.93. 

Electrostatic Levitation Furnace (ELF) — Nawer 
J, Ishikawa T, Oda H, Koyama C, Saruwatari H, 
et al. A quantitative comparison of thermophysical 
property measurement of CMSX-4® Plus (SLS) 
in microgravity and terrestrial environments. High 
Temperatures-High Pressures. 2023 February; 
52(3-4): 323-339. DOI: 10.32908/hthp.v52.1407. 

Electrostatic Levitation Furnace (ELF) — 
Nawer J, Ishikawa T, Oda H, Saruwatari H, 
Koyama C, et al. Uncertainty analysis and 
performance evaluation of thermophysical 
property measurement of liquid Au in microgravity. 
npj Microgravity. 2023 May 24; 9(1): 1-9. DOI: 
10.1038/s41526-023-00277-0. 

Electrostatic Levitation Furnace (ELF) — Nawer 
J, Matson DM. Quantifying facility performance 
during thermophysical property measurement 
of liquid Zr using Electrostatic Levitation. High 
Temperatures-High Pressures. 2022 July; 52(2): 
123-138. DOI: 10.32908/hthp.v52.1315.*

Electrostatic Levitation Furnace (ELF) — Oda 
H, Shimonishi R, Koyama C, Ito T, Ishikawa T. 
Determining the density of molten Y2O3 using an 
electrostatic levitation furnace in the International 
Space Station. High Temperatures-High Pressures. 
2023 January; 52(3-4): 341-350. DOI: 10.32908/
hthp.v52.1375. 

Electrostatic Levitation Furnace (ELF) — 
Taguchi S, Hasome H, Shimizu S, Ishiwata R, 
Inoue R, et al. Proposal of temperature correction 
of molten oxide based on its emissivity for 
measurement of temperature dependence of its 
density using ELF in ISS. International Journal 
of Microgravity Science and Application. 2023 
January 31; 40(1): 400101. DOI: 10.15011/
jasma.40.400101. 

Elucidating the Ammonia Electrochemical 
Oxidation Mechanism via Electrochemical 
Techniques at the ISS (Ammonia Electro-
oxidation Lab at the ISS (AELISS)) — Morales-
Navas C, Martinez-Rodriguez RA, Vidal-
Iglesias FJ, Pena-Duarte A, et al. Autonomous 
electrochemical system for ammonia oxidation 
reaction measurements at the International Space 
Station. npj Microgravity. 2023 March 8; 9(1): 1-6. 
DOI: 10.1038/s41526-023-00265-4. 

EML Batch 1 - NEQUISOL Experiment — 
Galenko PK, Toropova LV, Alexandrov DV, 
Phanikumar G, Assadi H, et al. Anomalous 
kinetics, patterns formation in recalescence, and 
final microstructure of rapidly solidified Al-rich Al-
Ni alloys. Acta Materialia. 2022 December; 241: 
118384. DOI: 10.1016/j.actamat.2022.118384. 
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Flow Boiling and Condensation Experiment 
(FBCE) — Lee J, Kim S, Mudawar I. Assessment 
of computational method for highly subcooled 
flow boiling in a horizontal channel with one-sided 
heating and improvement of bubble dispersion. 
International Journal of Thermal Sciences. 
2023 February; 184: 107963. DOI: 10.1016/j.
ijthermalsci.2022.107963. 

Flow Boiling and Condensation Experiment 
(FBCE) — Lee H, Mudawar I, Hasan MM. 
Experimental and theoretical investigation of 
annular flow condensation in microgravity. 
International Journal of Heat and Mass Transfer. 
2013 June; 61: 293-309. DOI: 10.1016/j.
ijheatmasstransfer.2013.02.010.*

Flow Boiling and Condensation Experiment 
(FBCE) — Mudawar I, Darges SJ, Devahdhanush 
VS. Parametric experimental trends, interfacial 
behavior, correlation assessment, and interfacial 
lift-off model predictions of critical heat flux for 
microgravity flow boiling with subcooled inlet 
conditions – Experiments onboard the International 
Space Station. International Journal of Heat and 
Mass Transfer. 2023 October 1; 124296. DOI: 
10.1016/j.ijheatmasstransfer.2023.124296. 

Flow Boiling and Condensation Experiment 
(FBCE) — Mudawar I, Devahdhanush VS, Darges 
SJ, Hasan MM, Nahra HK, et al. Heat transfer 
and interfacial flow physics of microgravity flow 
boiling in single-side-heated rectangular channel 
with subcooled inlet conditions – Experiments 
onboard the International Space Station. 
International Journal of Heat and Mass Transfer. 
2023 June 15; 207: 123998. DOI: 10.1016/j.
ijheatmasstransfer.2023.123998. 

Flow Boiling and Condensation Experiment 
(FBCE) — Mudawar I, Lee J. Experimental and 
computational investigation into hydrodynamic 
and heat transfer characteristics of subcooled 
flow boiling on the International Space Station. 
International Journal of Heat and Mass Transfer. 
2023 June 15; 207: 124000. DOI: 10.1016/j.
ijheatmasstransfer.2023.124000. 

Flow Boiling and Condensation Experiment 
(FBCE) — Park I, O’Neill LE, Kharangate CR, 
Mudawar I. Assessment of body force effects 
in flow condensation, Part I: Experimental 
investigation of liquid film behavior for different 
orientations. International Journal of Heat and 
Mass Transfer. 2017 March; 106: 295-312. DOI: 
10.1016/j.ijheatmasstransfer.2016.05.065.*

FSL Soft Matter Dynamics - Hydrodynamics 
of Wet Foams (FOAM) — Galvani N, Pasquet M, 
Mukherjee A, Requier A, Cohen-Addad S, et al. 
Hierarchical bubble size distributions in coarsening 
wet liquid foams. Proceedings of the National 
Academy of Sciences. 2023 September 14; 
120(38): 1-23. DOI: 10.1073/pnas.2306551120 

FSL Soft Matter Dynamics - Hydrodynamics 
of Wet Foams (FOAM) — Pasquet M, Galvani 
N, Pitois O, Cohen-Addad S, Hohler R, et al. 
Aqueous foams in microgravity, measuring bubble 
sizes. Comptes Rendus Mécanique. 2023 May 12; 
351(S2): 1-23. DOI: 10.5802/crmeca.153. 

FSL Soft Matter Dynamics - Hydrodynamics 
of Wet Foams (FOAM) — Pasquet M, Galvani 
N, Requier A, Cohen-Addad S, Hohler R, et al. 
Coarsening transitions of wet liquid foams under 
microgravity conditions. Soft Matter. 2023 August 
8; 19(33): 6267-6279. DOI: 10.1039/d3sm00535f. 

Fundamental Research on International 
Standard of Fire Safety in Space - Base for 
Safety of Future Manned Missions (FLARE) — 
Guo F, Kawaguchi S, Hashimoto N, Fujita O. Effect 
of pyrolysis kinetic parameters on the overload 
ignition of polymer insulated wires in microgravity. 
Proceedings of the Combustion Institute. 2023 
June 7; 39(3): 3939-3947. DOI: 10.1016/j.
proci.2022.08.087. 

Hourglass (Hourglass) — Ozaki S, Ishigami G, 
Otsuki M, Miyamoto H, Wada K, et al. Granular 
flow experiment using artificial gravity generator at 
International Space Station. npj Microgravity. 2023 
August 8; 9(1): 1-13. DOI: 10.1038/s41526-023-
00308-w. 
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Inertial Spreading with Vibration and Water 
Coalescence (Drop Vibration) — McCraney 
JT, Kern V, Daniel S, Bostwick JB, Steen PH. 
Oscillations of Drops with Mobile Contact Lines 
on the International Space Station: Elucidation 
of Terrestrial Inertial Droplet Spreading. Physical 
Review Letters. 2022 August 16; 129(8): DOI: 
10.1103/PhysRevLett.129.084501.* 

Inertial Spreading with Vibration and Water 
Coalescence (Drop Vibration) — McCraney 
JT, Ludwicki J, Bostwick JB, Daniel S, Steen 
PH. Coalescence-induced droplet spreading: 
experiments aboard the International Space 
Station. Physics of Fluids. 2022 December 13; 34: 
122110. DOI: 10.1063/5.0125279. 

International Space Station Hybrid Electronic 
Radiation Assessor (ISS HERA) — Stoffle NN, 
Campbell-Ricketts T, Castro AJ, Gaza R, et al. 
HERA: A Timepix-based radiation detection system 
for Exploration-class space missions. Life Sciences 
in Space Research. 2023 March 21; epub: DOI: 
10.1016/j.lssr.2023.03.004. 

Electromagnetic Levitator Batch 2 and 3 
/ International Space Station Summary of 
Research Performed (MULTIPHAS / CCEMLCC 
/ ELFSTONE / LIPHASE / NEQUISOL /  PARSEC 
/ QUASI / ISS Summary of Research) — 
Matson DM, Battezzati L, Galenko PK, Gandin C, 
Gangopadhyay AK, et al. Electromagnetic levitation 
containerless processing of metallic materials in 
microgravity: Rapid solidification. npj Microgravity. 
2023 August 15; 9(1): 1-14. DOI: 10.1038/s41526-
023-00310-2.

Materials International Space Station 
Experiment-13-NASA (MISSE-13-NASA) — 
Delmas W, Erickson S, Arteaga J, Woodall M, 
Scheibner M, et al. Evaluation of hybrid perovskite 
prototypes after 10-month space flight on the 
International Space Station. Advanced Energy 
Materials. 2023 May 19; 13(19): 2203920. DOI: 
10.1002/aenm.202203920. 

Materials International Space Station 
Experiment-16-Commercial (MISSE-16-
Commercial) — Plis EA, Bengtson MT, Engelhart 
DP, Badura GP, Cowardin HM, et al. Spacecraft 
materials degradation under space-simulated low 
Earth orbit (LEO) environment. AIAA SCITECH 
2023 Forum, National Harbor, MD & Online; 2023 
January 23. 11pp. DOI: 10.2514/6.2023-1956. 

Materials International Space Station 
Experiment-16-Commercial (MISSE-16-
Commercial) — Plis EA, Bengtson MT, Engelhart 
DP, Badura GP, Cowardin HM, et al. Ground 
testing of the 16th Materials International Space 
Station Experiment Materials. Journal of Spacecraft 
and Rockets. 2023 March; 60(2): 385-390. DOI: 
10.2514/1.A35502. 

Materials International Space Station 
Experiment-16-Commercial (MISSE-16-
Commercial) — Shah JR, Bengtson MT, Plis EA, 
Hoffmann RC, Ferguson DC, et al. Spacecraft 
material characterization using reflectane 
spectra extracted from RGB/IR color images. 
AIAA SCITECH 2023 Forum, National Harbor, 
MD & Online; 2023 January 23. 9pp. DOI: 
10.2514/6.2023-1957. 

Material Science on Solidification of 
Concrete (Concrete Hardening) — Mueller JT, 
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Metastable Solidification of Composites: Novel 
Peritectic Structures and In-Situ Composites for 
the Transparent Alloys Instrument (Transparent 
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purely diffusive conditions. Metallurgical and 
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Metastable Solidification of Composites: Novel 
Peritectic Structures and In-Situ Composites for 
the Transparent Alloys Instrument (Transparent 
Alloys - METCOMP) — Ludwig A, Mogeritsch 
JP. Observations of peritectic couple growth for a 
hyper-peritectic alloy under microgravity conditions. 
IOP Conference Series: Material Science and 
Engineering. 2023 January; 1274(1): 012032. DOI: 
10.1088/1757-899X/1274/1/012032. 

Microgravity Investigation of Cement 
Solidification (MICS) — Saseendran V, Yamamoto 
N, Collins PJ, Radlinska A, Pineda EJ, et al. 
Reconstruction of tricalcium silicate microstructures 
for repeating unit cell analysis. AIAA SCITECH 
2023 Forum, National Harbor, MD & Online; 2023 
January 23-27. 13. DOI: 10.2514/6.2023-2025. 

Multiscale Boiling — Bucci M, Zupancic M, 
Garivalis AI, Sielaff A, Di Marco P, et al. The role of 
the electric field in the departure of vapor bubbles 
in microgravity. Physics of Fluids. 2023 January 4; 
35(1): 017109. DOI: 10.1063/5.0127123. 

Multiscale Boiling — Raza MQ, von Kockritz 
M, Sebilleau J, Colin C, Zupancic M, et al. 
Coalescence-induced jumping of bubbles in 
shear flow in microgravity. Physics of Fluids. 
2023 February 24; 35(2): 023333. DOI: 
10.1063/5.0138200. 

Observation of Liquid Behavior in Partial G 
Environment (Liquid Behavior) — Chino S, 
Murakami G, Kusano M, Kurose K, Sakamoto Y, 
et al. Behaviors of liquid partially filled in sealed 
vessels under normal gravity conditions – Toward 
on-orbit experiment aboard the ISS. International 
Journal of Microgravity Science and Application. 
2023 April 30; 40(2): 400202. DOI: 10.15011/
jasma.40.400202. 

Packed Bed Reactor Experiment and Packed 
Bed Reactor Experiment -2 (PBRE / PBRE-2) 
— Taghavi M, Motil BJ, Nahra HK, Balakotaiah V. 
The international space station packed bed reactor 
experiment: capillary effects in gas-liquid two-
phase flows. npj Microgravity. 2023 July 18; 9(1): 
55. DOI: 10.1038/s41526-023-00302-2. 

Plasma Kristall-4 (PK-4) — Joshi E, Pustylnik 
MY, Thoma MH, Thomas HM, Schwabe 
M. Recrystallization in string-fluid complex 
plasmas. Physical Review Research. 2023 
March 2; 5(1): L012030. DOI: 10.1103/
PhysRevResearch.5.L012030. 

Plasma Kristall-4 (PK-4) — Zhukhovitskii DI. 
Dust ionization and dust acoustic waves in the DC 
low-pressure gas discharge under microgravity 
conditions. Plasma Physics Reports. 2022 
October 1; 48(10): 162-1065. DOI: 10.1134/
S1063780X22600554. 

Radiation Environment Monitor (Radiation 
Environment Monitor) — Kroupa M, Campbell-
Ricketts T, George SP, Bahadori AA, et al. 
Particle showers detected on ISS in Timepix pixel 
detectors. Life Sciences in Space Research. 
2023 February 26; epub: 20pp. DOI: 10.1016/j.
lssr.2023.02.004. 

Resonance Induced Instability for Surface 
Tension determination (RIIST) (ELF-Resonance-
induced Instability) — Brosius N, Livesay J, 
Karpinski Z, Singiser R, SanSoucie M, et al. 
Characterization of oscillation modes in levitated 
droplets using image and non-image based 
techniques. npj Microgravity. 2023 January 18; 
9(1): 1-7. DOI: 10.1038/s41526-023-00254-7. 

SODI-DCMIX — Shevtsova V, Santos CI, 
Sechenyh V, Legros J, Mialdun A. Diffusion and 
soret in ternary mixtures. Preparation of the 
DCMIX2 experiment on the ISS. Microgravity 
Science and Technology. 2014. 25: 283. DOI: 
10.1007/s12217-013-9349-6.* 

Space Test Program-Houston 7-Falcon Neuro 
(STP-H7-Falcon Neuro) — Arja S, Marcireau 
A, Balthazor RD, McHarg MG, Afshar S, et 
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Canada; 2023 June 18-22. 11pp. DOI: 10.48550/
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Structure analyses and particle interaction 
studies of Colloid by laser diffractometry 
in microgravity (Kikuchi-Kossel) — Miki H, 
Ishigami T, Yamanaka J, Okuzono T, Toyotama 
A, et al. Clustering of charged colloidal particles 
in the microgravity environment of space. npj 
Microgravity. 2023 April 29; 9(1): 33. DOI: 10.1038/
s41526-023-00280-5. 

Thermo-physical Properties of Liquid and 
Heterogeneous Solidification Behavior of 
Powder Metals for 3D Printer (Hetero-3D) — 
Hanada C, Aoki H, Ueta Y, Kadoi K, Mabuchi Y, et 
al. Suppression of Bubble Formation in Levitated 
Molten Samples of Ti6Al4V with TiC for Hetero-
3D at the International Space Station (ISS). 
International Journal of Microgravity Science and 
Application. 2023 July 31; 40(3): 400301. DOI: 
10.15011/jasma.40.400301.

Solidification along a Eutectic Path in Binary 
Alloys for the Transparent Alloys Instrument / 
Solidification along a Eutectic Path in Ternary 
Alloys Experiment (Transparent Alloys-SEBA 
— Transparent Alloys-SETA) Akamatsu S, 
Bottin-Rousseau S, Serefoglu M, Witusiewicz VT, 
Hecht U, et al. In situ experiments in microgravity 
and phase-field simulations of the lamellar-to-rod 
transition during eutectic growth. Comptes Rendus 
Mécanique. 2023 February 8; 351(S2): 1-13. DOI: 
10.5802/crmeca.142.

Technology Development and Demonstration 
Active Tissue Equivalent Dosimeter (Active 
Tissue Equivalent Dosimeter) — Hayes BM, 
Causey OI, Gersey BB, Benton ER. Active 
tissue equivalent dosimeter: A tissue equivalent 
proportional counter flown onboard the 
International Space Station. Nuclear Instruments 
and Methods in Physics Research Section A: 
Accelerators, Spectrometers, Detectors and 
Associated Equipment. 2022 April 1; 1028: 166389. 
DOI: 10.1016/j.nima.2022.166389.*

TECHNOLOGY DEVELOPMENT AND 
DEMONSTRATION
Analysis of International Space Station Plasma 
Interaction (Plasma Interaction Model) — 
Alred J, Barsamian H, Reddell BD, Mikatarian RR, 
Koontz SL. ISS Plasma Interaction Analysis. 55th 
International Astronautical Congress, Vancouver, 
Canada; 2001 October. 11pp. DOI: 10.2514/6.IAC-
04-T.2.03.*

Astrobee — Kwok Choon S, Hudson J, Romano 
M. Orbital hopping maneuvers with two Astrobee 
free-flyers: Ground and flight experiments. 
Frontiers in Robotics and AI. 2022 November 25; 9: 
1004165. DOI: 10.3389/frobt.2022.1004165. 

Astrobee — Sheeran BP, Wagner AR. Robot 
guided emergency evacuation from a simulated 
space station. AIAA SCITECH 2023 Forum, 
National Harbor, MD & Online; 2023 January 23. 
13pp. DOI: 10.2514/6.2023-0156.

Astrobee Maneuvering by Robotic Manipulator 
Hopping (Astrobatics / Astrobee) — Kwok 
Choon ST, Romano M, Hudson J. Orbital 
hopping maneuvers with Astrobee on-board the 
International Space Station. Acta Astronautica. 
2023 June; 207: 62-76. DOI: 10.1016/j.
actaastro.2023.02.034. 

Cubsat Laser Infrared Crosslink, Vehicle A 
(CLICK A) — Kammerer W, Grenfell P, Hyest 
L, Serra P, Tomio H, et al. CLICK mission flight 
terminal optomechanical integration and testing. 
International Conference on Space Optics — ICSO 
2022, Dubrovnik, Croatia; 2022 October 3-7. 108. 
DOI: 10.1117/12.2690321. 

Divert Unwanted Space Trash (DUST) — 
Harrad SJ, Abdallah MA, Drage D, Meyer ME. 
Persistent organic contaminants in Dust from the 
International Space Station. Environmental Science 
& Technology Letters. 2023 September 12; 10(9): 
768-772. DOI: 10.1021/acs.estlett.3c00448.
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ILLUMA-T — Khatri FI, Gonnsen Z, Wang JP, 
Mikulin O, Schulein RT, et al. System level TVAC 
functional testing for the Integrated LCRD Low-
Earth Orbit User Modem and Amplifier Terminal 
(ILLUMA-T) payload destined for the International 
Space Station. Free-Space Laser Communications 
XXXV, San Francisco, California; 2023 March 15. 
94-99. DOI: 10.1117/12.2649326. 

ILLUMA-T — Israel D, Edwards BL, Butler RL, 
Moores JD, Piazzolla S, et al. Early results from 
NASA’s laser communications relay demonstration 
(LCRD) experiment program. Free-Space Laser 
Communications XXXV, San Francisco, California; 
2023 March 15. 10-24. DOI: 10.1117/12.2655481. 

International Space Station Internal Radiation 
Monitoring (ISS Internal Radiation Monitoring) 
— Benghin VV, Shurshakov VA, Osedlo V, Mitrikas 
VG, Drobishev S, et al. Results of long-term 
radiation environment monitoring by the Russian 
RMS system on board Zvezda module of the ISS. 
Life Sciences in Space Research. 2022 November 
11; epub: 11pp. DOI: 10.1016/j.lssr.2022.11.002. 

International Space Station Internal Radiation 
Monitoring (ISS Internal Radiation Monitoring) 
— Markov AV, Gribachev KG, Lyagushin VI, 
Volkov AN, Germantsev YL, et al. Results of 
measurements obtained in the first phase of the 
Radiation Monitoring System deployment on 
the Russian segment of the International Space 
Station. 6th Workshop on Radiation Monitoring for 
the International Space Station (WRMISS), Oxford, 
UK; 2001 September 12-14. 16pp.* 

International Space Station Summary of 
Research Performed (ISS Summary of 
Research) — Ma B, Jiang Z, Liu Y, Xie Z. 
Advances in space robots for on-orbit servicing: 
A comprehensive review. Advanced Intelligent 
Systems. 2023 August; 5(8): 2200397. DOI: 
10.1002/aisy.202200397. 

LightCube CubeSat (LightCube) — Berkhout L, 
McCormick C, Jacobs DC, Sanchez de la Vega J. 
Demodulation demonstration using the LightCube 
CubeSat. Proceedings of the 13th Annual GNU 
Radio Conference, Tempe, AZ; 2023 September 
13. 6pp. 

Materials International Space Station 
Experiment – 1 and 2, 3 and 4, and 5 (MISSE 
1 and 2, 3 and 4, and 5) — Kiefer RL, Gabler 
WJ, Hovey MT, Thibeault SA. The effects of 
exposure in space on two high-performance 
polymers. Radiation Physics and Chemistry. 
2011 February; 80(2): 126-129. DOI: 10.1016/j.
radphyschem.2010.07.019.* 

Quetzal-1 — Alvarez D, Aguilar-Nadalini A, 
Bagur JA, Ayerdi V, Zea L. Design and on-orbit 
performance of the attitude determination and 
passive control system for the Quetzal-1 CubeSat. 
Journal of Small Satellites. 2023 May/June; 12(2): 
1231-1247. 

Quetzal-1 — Aguilar-Nadalini A, Chung KH, 
Marsicovetere C, Medrano JF, Miranda E, et al. 
Design and on-orbit performance of the electrical 
power system for the Quetzal-1 CubeSat. Journal 
of Small Satellites. 2023 May/June; 12(2): 1201-
1229. 

Spaceborne Computer-2 High Performance 
Commercial Off-The-Shelf (COTS) Computer 
System on the ISS (Spaceborne Computer-2) — 
Dunkel E, Swope J, Candela A, West L, Chien S, et 
al. Benchmarking deep learning models on Myriad 
and Snapdragon processors for space applications. 
Journal of Aerospace Information Systems. 2023 
October; 20(10): 660-674. DOI: 10.2514/1.I011216.

Spaceborne Computer-2 High Performance 
Commercial Off-The-Shelf (COTS) Computer 
System on the ISS (Spaceborne Computer-2) 
— Dunkel E, Swope J, Towfic Z, Chien S, Russell 
D, et al. Benchmarking deep learning inference 
of remote sensing imagery on the Qualcomm 
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processors onboard the International Space 
Station. 2022 IEEE International Geoscience and 
Remote Sensing Symposium (IGARSS 2022), 
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DOI: 10.1109/IGARSS46834.2022.9884906. 
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Spaceborne Computer-2 High Performance 
Commercial Off-The-Shelf (COTS) Computer 
System on the ISS (Spaceborne Computer-2) 
— Swope J, Mirza F, Dunkel E, Towfic Z, Chien 
S, et al. Benchmarking remote sensing image 
processing and analysis on the Snapdragon 
processor onboard the International Space Station. 
2022 IEEE International Geoscience and Remote 
Sensing Symposium (IGARSS 2022), Kuala 
Lumpur, Malaysia; 2022 July. 5305-5308. DOI: 
10.1109/IGARSS46834.2022.9883675. 

Spacecraft Fire Experiment-IV (Saffire-IV) — 
Thomsen M, Cruz JJ, Escudero F, Fuentes A, 
Fernandez-Pello AC, et al. Determining flame 
temperature by broadband two color pyrometry in 
a flame spreading over a thin solid in microgravity. 
Proceedings of the Combustion Institute. 2023 
June 7; 39(3): 3909-3918. DOI: 10.1016/j.
proci.2022.07.237. 

Space Test Program-H5 Automated Plume 
Sentry (STP-H5 APS) — Maldonado CA, 
Ketsdever AD, Balthazor RD, Neal P, Wilson GR, 
et al. Automated plume sentry observations during 
International Space Station thermal control system 
venting. Journal of Spacecraft and Rockets. 2023 
January; 60(1): 339-350. DOI: 10.2514/1.A35155. 

SPHERES-Slosh (SPHERES-Slosh) — 
Chintalapati S, Holicker CA, Schulman RE, 
Contreras E, Gutierrez HM, et al. Design of an 
experimental platform for acquisition of liquid 
slosh data aboard the International Space Station. 
48th AIAA/ASME/SAE/ASEE Joint Propulsion 
Conference & Exhibit, Atlanta, Georgia; 2012 July 
30. 17pp. DOI: 10.2514/6.2012-4297.*

SPHERES-Slosh (SPHERES-Slosh) — Lapilli 
GD, Kirk DR, Gutierrez HM, Schallhorn P, Marsell 
BS, et al. Results of microgravity fluid dynamics 
captured with the Spheres-Slosh experiment. 66th 
International Astronautical Congress, Jerusalem, 
Israel; 2015 October 12. 7pp.*

SPHERES-Slosh (SPHERES-Slosh) — Marcell 
B, Griffin D, Schallhorn P, Roth J. High Accuracy 
Liquid Propellant Slosh Predictions Using an 
Integrated CFD and Controls Analysis Interface. 
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towards a microgravity CFD validation study using 
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SPHERES Tether Slosh (SPHERES Tether 
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DR, Zachrau HJ. SPHERES TETHER SLOSH free 
flyer experiment on ISS. 2018 Joint Propulsion 
Conference, Cincinnati, Ohio; 2018 July 9. 18pp. 
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SPHERES Tether Slosh (SPHERES Tether 
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50th AIAA Aerospace Sciences Meeting including 
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Surface Avatar is a Multipurpose Avatar and 
Robots Collaborating with Intuitive Interface 
(Surface Avatar) — Lii NY, Schmaus P, Leidner 
DS, Krueger T, Grenouilleau J, et al. Introduction 
to Surface Avatar: The first heterogeneous robotic 
team to be commanded with scalable autonomy 
from the ISS. 73rd International Astronautical 
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— Losekamm MJ, Berger T, Hinderberger P, 
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Carbon Sequestration and Bioremediation — 
Bouaghad EH, Souitat N, Bourbouh H, Besri Z, 
Redouane N, et al. Space education and outreach 
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*Indicates published prior to October 1, 2022.
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National Aeronautics and Space Administration
https://www.nasa.gov/stationresults/

https://www.nasa.gov/stationexperiments/

Canadian Space Agency
https://www.asc-csa.gc.ca/eng/iss/

European Space Agency
https://www.esa.int/Science_Exploration/Human_and_Robotic_Exploration/International_
Space_Station

Japan Aerospace Exploration Agency
https://humans-in-space.jaxa.jp/en/

State Space Corporation ROSCOSMOS 
http://en.ROSCOSMOS.ru/202/

Italian Space Agency
https://www.asi.it/en/life-in-space/international-space-station/
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