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Abstract Up to 1991, it was assumed that after the
Chernobyl accident in 1986 the time development of ra-
dioactive contamination with regard to environment,
foodstuff, and man would decrease due to migration pro-
cesses in the soil, radioactive decay, and protective mea-
sures. This assumption was confirmed by all measure-
ments in the first few years after the accident. Since
1991, however, a change in this development has been
observed, as many measurements show stagnation or in
some cases even an increase of foodstuff and human
contamination. If normalised to an average local ground
contamination, only a few groups of foodstuffs (e.g., po-
tatoes) show a slight decrease in radioactivity. In this pa-
per, the time development of radioactive contamination
in the Bryansk-Gomel Spot on the basis of measure-
ments since 1991 is presented. The consequences for
long-term dose assessment are discussed.

Introduction

The reactor accident at Chernobyl in 1986 caused a con-
siderable release of radioactive material into the environ-
ment. The numbers given by Russian scientists include

85 PBq of 137Cs and 45 PBq of 134Cs, which corresponds
to about 1/3 of the core inventory [1].

More than 50% of the released activity was deposited
in the CIS countries affected by the accident and distrib-
uted extremely inhomogeneously. The maximum !37Cs
surface contamination for areas outside the 30-km zone
around the reactor site was more than 1850 kBg/m?2, e.g.,
2330 kBg/m? at Jalovka in the Bryansk region [2]. The
official contamination map includes primarily three areas
of higher contamination with more than 370 kBq/m?2 of
137Cg:

1. the Central Spot around the reactor site, including the
30-km zone and neighbouring areas of Belarus and
the Ukraine

2. the Bryansk-Gomel Spot on the Russian-Belarussian
border around the towns of Klincy, Novozybkov and
Gomel

3. the Tula-Kaluga-Orel Spot located in Russia, more
than 200 km south of Moscow.

The Bryansk-Gomel Spot is considered here, a spot
highly contaminated though located at a distance of be-
tween 150 and 300 km from the reactor site. It was
formed by depositions from the radioactive cloud which
passed through on April 27 and 28, 1986. At that time,
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Table 2 Classification of German measurements on the radioactivity in foodstuffs in Russia

Foodstuffs

1991

1992

1993

Class 1 Class2 Class3 Number Class 1 Class 2 Class3 Number Class 1 Class 2 Class 3 Number
(%) (%)

(%)

(%) (%)

of
samples

(%) (%)

(%) of
samples

(%)  of

samples

88.8
324

Potatoes, vegetables
Meat

Milk 384
Mushrooms, wild fruits 13.7
Dried mushrooms, tea 0
Without classification

Total

1.2
58.8
51.6
68.7
66.7

161
34
682
131
15
808

1831

57 43

259 66.7

19:1 54
3.7 69.5
0 100

0 100
74 27
27 504
26.8 82
0 3
601

1317

154
66.7
34.1
50

0

77 13

0

3

62.6 91
375 8

0

0
82

Table 3 Summary of all Ger-

man body counter measure- Number of Category 1 Category 2 Category 3
ments 1991-1993 [3] measurements (%) (%) (%)
1991: Total Russia 163,033 93.7 53 1.0
1992: Total 90,460 90.6 7.9 1.5
Russia 49 858 85.8 11:7 2.5
Ukraine (Fastov) 11,373 100 0 0
Belarus 29,229 952 4.4 04
1993: Total 63,518 81.0 14.6 45
Russia 14,836 70.0 229 7.1
Ukraine (incl. Rovno) 36,126 84.5 11.9 357
Belarus 12,556 83.8 124 38
1991-1993: Total 317011 90.3 7.9 1.8
ggg;ebtr(l;giinf(?? gdr::ﬁ:lir;l 1(11111;_ Settlement Cs ground Mean body burdens Maximum body burdens
ferent years in the Bryansk dis- g)?tgagn]lmlagtlg%n (kBq) (kBq)
trict. The mini bel e
e malt ey detectatle: kBg/m? 1991 1992 1993 1991 1992 1993
activity (MDA; 0.5-1 kBq) in
all villages for each year Beresovka 220 32 30 34 200 130 110
Blisna 160 16 11 20 44 30 33
Guta Koretskaya 670 13 20 20 110 220 85
Lopatny 260 10 13 10 130 100 59
Roshny 380 13 8 8 200 52 27
Sarachye - 26 27 27 180 100 100
Tulu Kovshina 360 14 14 30 130 61 130
Unecha 480 42 21 33 180 140 130
Usherpye 700 18 9 g 230 63 52
Veprin 950 25 35 41 110 160 140

The values for milk from private cows and mushrooms

pyLl | . P B I LI S IR e V¢ o R o Ry AL Ny I

respectively; category 2, body burdens between 7 and
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Foodstuffs 1991 1992 1993

Class 1 Class2 Class3 Number Class 1 Class2 Class 3 Number Class 1 Class 2 Class 3 Number
(%) (%) (%) of (%) (%) (%) of (%) (%) (%)  of
samples samples samples

Potatoes, vegetables 88.8 11.2 0 161 o7 43 100 . 154
Meat 324 58.8 8.8 34 259 66.7 g 27 : 66.7
Milk 38.4 51.6 10.0 682 19.1 54 504 3 34.1
Mushrooms, wild fruits 13.7 68.7 17.6 131 3.7 69.5 4 82 > 50
Dried mushrooms, tea 0 66.7 333 0 100 3 0
Without classification 601

Total 1317 197

Table 1 Current development of the human and environmental contamination in the Bryansk-Gomel Spot after the Chernobyl accident, p. 107
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Bohr does not explore crucial ontological dimensions of his insights,
but rather, he focuses on their epistemological import. I have mined
his writings for his implicit ontological views and have elaborated on
them in the development of an agential realist ontology. In this sec-
tion, I present a quick overview of important aspects of Bohr’s account
and move on to an explication of an agential realist ontology. This re-
lational ontology is the basis for my posthumanist performative ac-
count of the production of material bodies. This account refuses the
representationalist fixation on “words” and “things” and the problem-
atic of their relationality, advocating instead a causal relationship
between specific exclusionary practices embodied as specific material configu-
rations of the world (i.e., discursive practices/(con)figurations rather
than “words”) and specific material phenomena (i.e., relations rather than
“things”). This causal relationship between the apparatuses of bodily
production and the phenomena produced is one of “agential intra-action.”
The details follow.

According to Bohr, theoretical concepts (e.g., “position” and “momen-
tum”) are not ideational in character but rather are specific physical ar-
rangements.’® For example, the notion of “position” cannot be presumed
to be a well-defined abstract concept, nor can it be presumed to be an
inherent attribute of independently existing objects. Rather, “position”
only has meaning when a rigid apparatus with fixed parts is used (e.g., 2
ruler is nailed to a fixed table in the laboratory, thereby establishing a
fixed frame of reference for specifying “position”). And furthermore, any
measurement of “position” using this apparatus cannot be attributed to
some abstract independently existing “object” but rather is a property of
the phenomenon—the inseparability of “observed object” and “agencies
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tion, I present a quick overview of important aspects of Bohr’s account
and move on to an explication of an agential realist ontology. This re-
lational ontology is the basis for my posthumanist performative ac-
count of the production of material bodies. This account refuses the
representationalist fixation on “words” and “things” and the problem-
atic of their relationality, advocating instead a causal relationship
between specific exclusionary practices embodied as specific material configu-
rations of the world (i.e., discursive practices/(con)figurations rather
than “words”) and specific material phenomena (i.e., relations rather than
“things”). This causal relationship between the apparatuses of bodily
production and the phenomena produced is one of “agential intra-action.”
The details follow.

According to Bohr, theoretical concepts (e.g., “position” and “momen-
tum”) are not ideational in character but rather are specific physical ar-
rangements.’® For example, the notion of “position” cannot be presumed
to be a well-defined abstract concept, nor can it be presumed to be an
inherent attribute of independently existing objects. Rather, “position”
only has meaning when a rigid apparatus with fixed parts is used (e.g., 2
ruler is nailed to a fixed table in the laboratory, thereby establishing a
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some abstract independently existing “object” but rather is a property of

the phenomenon—the inseparability of “observed object” and “agencies
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ABCD writing skills

A = After completing research,
B = Based on well- organized figures

and tables
C = Compose a manuscript from a title

to a condusion logically, and
D = Digital tools are incorporated.

A=B=C=D
A & B forrescarch and C forwnting with D



o1l E OXl = (After completing research),
GIO|EE J2lat E2 & ™M2|60 (Based
on well-organized figures and tables),
HZ0|M ZENX| =2 Ho|D 2XtHoR
A1 S 580t= (Compose your

manuscript from a title to a conclusion
logically) &'H. C|X|B =& &80lM| !

(Digital tools are incorporated)
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Fig.1|Project design and evolution. a, Project plan. b, Actual process. ¢, Publication.
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ULTRAFAST MICROSCOPY

Ultrafast nanoimaging of the order parameter in a

structural phase transition

Thomas Danz', Till Domrése?, Claus Ropers'?*

Understanding microscopic processes in materials and devices that can be switched by light
requires experimental access to dynamics on nanometer length and femtosecond time scales.
Here, we introduce ultrafast dark-field electron microscopy to map the order parameter across a
structural phase transition. We use ultrashort laser pulses to locally excite a 1T-TaS, (1T-polytype of
tantalum disulfide) thin film and image the transient state of the specimen by ultrashort electron
pulses. A tailored dark-field aperture array allows us to track the evolution of charge-density wave
domains in the material with simultaneous femtosecond temporal and 5-nanometer spatial
resolution, elucidating relaxation pathways and domain wall dynamics. The distinctive benefits

of selective contrast enhancement will inspire future beam-shaping technology in ultrafast

transmission electron microscopy.

ptical control over physical and chemi-
cal properties of materials is a recurring
motifin research areas from femtochem-
istry to ultrafast condensed matter phys-
ics. Thishroad interest is based on the

impact of 0 es in current
and future * E Jata storage
devices (1, e nputing (3),

photonic circus \#), anu energy conversion (5).
In parallel, fundamental scientific discoveries
reveal specific light-induced features and cor-
relation effects, involving coupled order pa-
rameters (6), metastable or hidden states (7-10),
superconductivity (11), changes in topology (12),
and metal-insulator transitions (13, 4).

Typically, microscopic correlations evolve
on femto- to picosecond time scales, a re-
gime that is accessible by ultrafast measure-
ment methodology. This approach enables
spatially averaged probing of properties such
as electronic gaps (15), optical conductivity (16),
magnetization (17), and instabilities against
periodic lattice and charge-density modula-
tions (I8, 19). Functionality of devices, however,
usually arises from nanoscale structuring or
from interfacing different materials. This calls
for experimental approaches that capture the
dynamics in terms of a spatially dependent
order parameter.

Recent experiments accomplished time-
resolved mapping of the local free-carrier re-
sponse in a correlated metal-insulator phase
transition using near-field probing (20-22).
However, direct sensitivity to the spatiotem-
poral structural modifications governing the
transition on the atomic scale remains a chal-

I4th Physical Institute - Selids and Nanostructures,
University of Gottingen, 37077 Gottingen, Germany. *Max
Planck Institute for Biophysical Chemistry, 37077 Gottingen,
Germany.

*Corresponding author. Email: cropers@gwdg.de

Danz et al., Science 371, 371-374 (2021)
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lenge. Ultrafast transmission electron micros-
copy (UTEM) has proven a valuable tool to
study lattice dynamics (23-29) but does not
provide direct contrast of the structural order
parameter.

In this work, we demonstrate real-space
imaging of charge-density wave (CDW) phases
with nanometer spatial and femtosecond tem-
poral resolution. By introducing a tailored
ultrafast dark-field (DF) electron microscopy
scheme, we obtain maps of the order param-
eter in a prototypical CDW system. We observe
the formation, stabilization, and relaxation
of CDW domains after optical excitation and
identify drastic differences between the emerg-
ing domain patterns for continuous-wave

A

Laser
pump pulses

Specimen plane
Objective lens

Back-focal plane
(BFP)

Imaging lenses

Electron-sensitive
detector

Collimated electron
probe pulses

Gold reflection layer
Silicon nitride membrane
1T-TaS, thin film

B Dark-field (DF)
aperture array

and pulsed illumination. Using time-dependent
Ginzburg-Landau simulations to corroborate
our findings, we discuss the nonequilibrium
evolution of the order parameter near domain
walls.

Specifically, we investigate the transition
metal dichalcogenide 17-TaS, (17-polytype of
tantalum disulfide). Owing to itslow-dimensional
character and strong correlation effects, this
system is a promising target for nontrivial
order parameter dynamics. It displays sev-
eral CDW phases with both Mott and Peierls
contributions and particularly complex or-
bital textures (30, 31). The CDW states and
the transitions between them have been the
subject of various ultrafast spectroscopy and
electron diffraction experiments in the past
(18, 32-37).

Our study focuses on the room- and high-
temperature phases of the material (30, 38-40).
In all experiments, the sample is initially held
at room temperature. Above a temperature of

TH = BB AT h it v e
mensur

underly E E
“IC phat Lo

sition te
anearly
an angle
vectors and the lattice directions, ettectively
reducing the symmetry of the material (NC
CDW phase; “NC phase” hereafter). Each of
the CDW phases is accompanied by a pro-
nounced periodic lattice distortion (PLD). In
electron diffraction images, the PLD of the
NC phase is evident from satellite diffraction
peaks arranged around the bright structural
reflections (Fig. 1C, top). Owing to a three-
fold out-of-plane stacking periodicity in the

Beam directly in BFP

DF aperture retracted ©

DF aperture inserted

Fig. 1. Dark-field imaging in the ultrafast transmission electron microscope. (A) Sectional drawing of
the experimental setup. Electron (green) and optical (red) pulses are incident close to perpendicular on the
specimen. (B) Scanning electron micrograph of the DF aperture array placed in the back-focal plane (BFP) in
(A). (C) Electron diffractograms of the 1T-TaS; thin film at room temperature, with the DF aperture array
shown in (B) retracted from (top) and inserted into (bottom) the electron beam path. Only superstructure

reflections are transmitted through the aperture array.
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dynamics. The steady-state experiment is
rather sensitive to local defects and struc-
tural anisotropy, as there is sufficient time
for small spatial variations in the CDW free-
energy landscape to determine the phase pat-
tern. On the other hand, the time-resolved
experiment is characterized by electron-lattice
nonequilibrium involving strong thermal
gradients.

To obtain a better understanding of the
spatiotemporal CDW evolution and energy re-
distribution, we simulate the three-dimensional
dynamics of the order parameter as well as
the electron and lattice temperatures (42).
Employing a Ginzburg-Landau model for a
nonconserved order parameter, we capture the
symmetry-breaking nature of the first-order
NC/IC phase transition [see (4¢3), model A].
As in the experiments, we do not separately
analyze the individual wave vector compo-
nents of the CDW. Accordingly, we consider
the spatially varying PLD amplitude as a single,
real-valned order narameter 4 with a generic
rst-order phase
e local electron
on of the elec-
is treated with
+ H I- H-I Jions using the

o H rom the steady-
SUWMA CApALLLIVAIL \T2 e

For values of 7, below the phase transition
temperature 7%, the free-energy landscape ex-
hibits a double-well shape (Fig. 4B). Initially,
the simulation volume is in thermodynamical
equilibrium with ¢ = 1, corresponding to one
of the potential minima at room temperature.
The optical excitation at time zero is modeled
as a jump in electronic temperature, with the
spatial distribution given by the excitation
profile (Fig. 2E). In this highly nonequilibrium
state with 7, > 7™ in large areas of the sam-
ple, the reshaped potential is close to para-
bolic, with a single IC CDW minimum at ¢ = 0.
The resulting motion of the order parameter
toward the high-symmetry state causes a
global order parameter suppression, followed
by a rapid electron-lattice energy transfer on
a time scale of 350 fs (18). The simulation in
Fig. 4A and movie S4 closely reproduces the
transient suppression, phase separation, and
cooling observed in the experimental dataset
(see Fig. 2A).

Local trajectories of the order parameter can
be classified according to the magnitude of
its nonequilibrium contribution (Fig. 4C and
movie S5). In regions with sufficient excitation
density, the order parameter relaxes into the
IC potential minimum within the electron-
lattice coupling time (point 1 in Fig. 4B). The
spatiotemporal evolution of the correspond-
ing four white patches adiabatically follows
the reshaping of the potential on heat dif-

Danz et al., Science 371, 371-374 (2021)

fusion time scales. On the other hand, and
as a consequence of the nearly flat poten-
tial just below the phase transition tempera-
ture, more weakly excited regions undergo a
transient quench ofthe NC phase, relaxing on
a few-picosecond time scale (point 2) (see also
fig. S6).

Close to the phase boundaries, the suppres-
sion of NC charge-ordering lasts until 30 ps
after excitation (blue contours forming around
the white patches after 2 ps in Fig. 4C), and a
minor slowdown of the IC formation is ob-
served (light red regions at 0.5 ps). These pro-
cesses are a direct consequence of the delicate
interplay between fast electron-lattice coupling
and order parameter dynamics in a reshaped
free-energy landscape, and they ultimately re-
sult in the sharpening of domain walls observed
in simulation and experiment (fig. S7).

Our study illustrates how contrast enhance-
ments by postspecimen (44-47) or even pre-
specimen beam shaping (48) allow for sensitivity
to further degrees of freedom in complex ma-

terials, paving pes of in-
vestigation. Tt 7 :I E le imaging
of transient | = L— (49) and,

particularly, visuanzing ampuwue and phase
modes in CDW materials (47). Furthermore,
spatially resolved investigations of topologi-
cal defects in the charge-ordering of these
materials may lead to a deeper understand-
ing of phase formation kinetics (19, 33-35).
Lastly, careful design of the beam-shaping
parameters may facilitate multiphase imag-
ing or the simultaneous mapping of chiral
mirror domains (36). Building on these op-
portunities, ultrafast transmission electron
microscopy will offer new perspectives for
observing nanoscale dynamics in correlated
materials.
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TISSUE IMAGING

Deep-tissue transcriptomics and subcellular
imaging at high spatial resolution

Valentina Gandint, Jun Kimt, Liang-Zhong Yang, Yumin Lian, Takashi Kawase, Amy Hu,
Konrad Rokicki, Greg Fleishman, Paul Tillberg, Alejandro Aguilera Castrejon, Carsen Stringer,

Stephan Preibisch, Zhe J. Liu*

INTRODUCTION: Understanding how gene ex-
pression and subcellular structures are spa-
tially organized within tissues is fundamental
to biology and disease research. However, con-
ventional fluorescence imaging is limited by
color channels, restricting the simultaneous
visualization of multiple molecular components.
Although in situ spatial transcriptomics has
expanded molecular imaging capabilities, it
struggles to resolve high-abundance targets and
dense cellular structures in thick specimens.
Additionally, existing methods often require
complex processing steps or suffer from sig-
nal loss in deeper regions. To overcome these
challenges, we developed cycle hybridization
chain reaction (HCR), a highly multiplexed
RNA and protein imaging method that en-

Label Read

L+Rb d
Split left (L) and right (R) barcode arcode

ables high-resolution transcriptomics and sub-
cellular structure imaging in thick tissues.

RATIONALE: Existing spatial transcriptomics ap-
proaches often rely on cross-round barcoding,
which requires precise spot registration across
imaging cycles. These techniques are generally
limited to thin tissue sections and are prone to
errors in dense molecular environments. Con-
versely, single-shot signal amplification methods
such as HCR amplification excel at deep-tissue
imaging of both sparse and dense targets; how-
ever, they lack high-throughput capacity. To ad-
dress these limitations, we developed cycleHCR,
which integrates multicycle DNA barcoding with
HCR amplification. This approach enables high-
throughput three-dimensional (3D) spatial anal-

‘ Amplify
Signals for deep tissue detection

—t
i - ,-_——_QLR !
Protein RNA ' P
' i HCR initiator 5 HCRihaipins
k- R ' ekt RNA ' J’l J] :
' L R =
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27\ i ] . cycleHCR e
: Protein automation
Antibody pool Probe pool
A <A i sty Thick
)L /)L\ g = Erase tissue block ,-". o
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7N | — \
N oi—= . | ] =
Protein z tiling
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= RNA gl xytllln ‘ :j/

Unified multiplex RNA and protein imaging through cycleHCR. Samples are first labeled with antibody
and probe pools, where each target is uniquely barcoded with a split left (L) and right (R) barcode. The
cycleHCR automation pipeline then reads targets using distinct L + R readout probes equipped with split
HCR initiators. Signals are amplified through HCR, enabling deep tissue detection. After volumetric imaging,
readout probes are instantly erased using chemical treatment, allowing for the next round of detection.
Arrowheads indicate the 3' end of DNA or RNA.

Gandin et al., Science 388, 269 (2025) 18 April 2025

ysis of RNA and protein distributions in thick
tissue specimens, facilitating precise molecular
mapping across multiple spatial scales.

RESULTS: We applied cycleHCR to whole-mount
mouse embryo transcriptomics, imaging 254
lineage-specific genes in E6.5-7.0 embryos. By
integrating automated imaging and computa-
tional pipelines, we achieved precise 3D gene
expression and cell fate mapping across a spe-
cimen depth of ~310 pm. Cluster analysis of single-
cell gene expression data identified nine distinct
cell populations, corresponding to known devel-
opmental lineages, with well-defined spatial or-
ganization. Our data enabled spatial analysis of
gene expression gradients and heterogeneity, pro-
viding single-cell resolution insights into how gene
expression varies across embryonic structures.
Beyond transcriptomics, cycleHCR was com-
bined with expansion microscopy to visualize
10 distinct subcellular structures in mouse em-
bryonic fibroblasts. We observed complex nuclear
and cytoplasmic architectures with enhanced
spatial resolution. Moreover, the platform en-
abled unified multiplex RNA and protein imag-
ing in mouse hippocampal slices, uncovering
intricate gene expression gradients and cell-
type-specific nuclear structural variations.

CONCLUSION: By overcoming the limitations of
traditional fluorescence imaging and existing
spatial transcriptomics methods, cycleHCR offers
key advantages: (i) Single-shot imaging enables
robust deep-tissue in situ transcriptomics for
both sparse and dense targets. (ii) The resulting
empirical images allow immediate validation
and visualization of molecular targets. (iii) A
barcode system supports joint RNA and protein
imaging, enabling cross-modality spatial analy-
sis of cell types and subcellular organization.

As a scalable spatial omics platform, cycleHCR
is poised to advance developmental biology,
neuroscience, and systems biology. Its adaptabil-
ity across different specimen types highlights its
potential as a next-generation imaging tool for
deciphering the spatial arrangement of molec-
ular components within intact tissues. Further
optimization of microscopy modalities and sam-
ple preparation will enhance imaging depth and
throughput, with promising applications in dis-
ease research and precision diagnostics. =

The list of author affiliations is available in the full article online.
*Corresponding author. Email: liuz11@hhmi.org

1These authors contributed equally to this work.

Cite this article as V. Gandin et al., Science 388, eadq2084
(2025). DOI: 10.1126/science.adq2084
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Although researchers are excited about Al's potential applications, current use is
limited and tends to focus on tasks related to writing and preparing manuscripts.

Q: Which, if any, of these represent use cases or solutions that are similar to
anything you are already doing and/or have already tried with Al in the past?
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Detect errors/bias
2 S 47 %
in own writing
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When a person talks, coughs, or sneezes, respiratory droplets are
expelled and inevitably land on several surfaces, representing a
route for respiratory disease transmission. Here, face masks act as
a barrier by obstructing the passage of droplets during exhalation
and inhalation. Being constantly exposed to respiratory events and
carrying droplet residue, understanding the evaporation and
absorption dynamics for tiny droplets on face masks and the fate
of viral particle deposition is necessary to analyze the
contamination risk. Here we explore the ideal design for masks
from the interaction of mask surfaces with surrogate respiratory
droplets by X-ray microscopy and microtomography. We show that
the respiratory droplet survivability is significantly reduced in
masks with a hydrophilic surface where absorption takes place,
leading to a reduction of the post-evaporation droplet residue at
the mask surface compared with a hydrophobic surface. The
results allow us to propose a better mask layer desigh dependent
on wettability, reducing the contamination risk from respiratory

droplets.

159 words

(=1 (o}

=1

Grammarl

-

996 prompts X

@ 2 Neutral

Insert Rephrase

suggest the best paragraph

Face masks play a crucial role in obstructing the
passage of respiratory droplets during exhalation and
inhalation, thereby acting as a barrier against
respiratory disease transmission. To better
understand the contamination risk associated with
respiratory events, it is important to analyze the
evaporation and absorption dynamics of tiny droplets
on mask surfaces and the fate of viral particle
deposition. A recent study used X-ray microscopy
and microtomography to explore the ideal design for
masks and found that masks with a hydrophilic
surface, where absorption takes place, significantly
reduce the survivability of respiratory droplets and
the post-evaporation droplet residue at the mask
surface compared to masks with a hydrophobic
surface. The study's results offer valuable insights
into designing better masks that reduce the
contamination risk from respiratory droplets.
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Caution, Care, and Consideration: Creative Science Depends on It

# 1 Cite This: ACS Nano 2023, 17, 4091-4093
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language in science is multimodal, ranging from

lecturing in classrooms, to informal daily discussions
among scientists, to prepared talks at conferences, and, finally,
to the pinnacle of science communication, the formal peer-
reviewed publication. The arrival of language tools driven by
artificial intelligence (AI), like ChatGPT," has generated an
explosion of interest globally. ChatGPT has set the record for
the fastest growing user base of any application in history, with
over 100 million active users in just two months, as of the end
of January 2023.” ChatGPT is merely the first of many Al-
based language tools, with announcements of more either in
preparation or soon to be launched.’™ Many in scientific

S cience is communicated through language. The media of

ChatGPT is deficient due to its lack of analytical capabilities
that scientists are expected to possess and the experiences that
inform us.

The most important concern for us as scientists is that these
Al language bots are incapable of understanding new

Al language bots are incapable of
understanding new information, gen-
erating insights, or deep analysis,
which would limit the discussion within
a scientific paper.

ACS Nano 17, 4091 (2023)
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