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ABSTRACT

Transient astrophysical events are characterized by short timescales, high energy, and multi-
wavelength radiation, often accompanied by violent energy releases. These phenomena are a major
focus of modern astronomical research. To reveal their underlying physical mechanisms, near-real-
time, multi-wavelength, and multi-messenger follow-up observations are essential. However, current
transient alert systems face multiple challenges, including fragmented messages, inconsistent formats,
and difficulties in retrospective analysis, all of which hinder the efficiency of triggering observations.
This paper presents TransientVerse, an innovative real-time database platform to integrate and dis-
seminate transient alerts. The platform uses an automated pipeline to integrate real-time alerts from
multiple sources (e.g., ATel, VOEvent, and GCN). It structures unstructured text data into a dual-
format database for transient alerts by using open-source large language models. TransientVerse offers
retrospective searches, data visualization, literature reviews, and customized subscriptions for effi-
cient event tracking and analysis. Additionally, for Fast Radio Bursts (FRBs), the platform provides
real-time statistics on repeat burst rates across different time intervals and alerts astronomers about
high-frequency burst sources, enabling rapid follow-up observations and optimizing the use of limited
observation windows. TransientVerse improves the efficiency of acquiring transient events in real time,
lowers the technical barriers for simultaneous observations, and provides robust technical support for
multi-wavelength, multi-messenger time-domain astronomy and astrophysics studies.

Keywords: Transient sources; Radio transient sources; High energy astrophysics; Time domain astron-
omy; Gamma-ray bursts

1. INTRODUCTION Transient sources are astronomical events that sud-
denly appear and disappear over short timescales. These
sources, often associated with relativistic compact ob-
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ergy release, these sources exhibit extreme physical con-

ditions, making them crucial for exploring related astro-
physical phenomena. As a result, transient sources have
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become a central focus in modern astronomical research.
The rapid development of multi-wavelength and multi-
messenger astronomy has provided new perspectives for
studying these transient astronomical events. Comple-
mentary cosmic messengers, including neutrinos, cosmic
rays, and Gravitational Waves (GWs), enhance tradi-
tional electromagnetic observation methods, enriching
our understanding of extreme astronomical events (Ab-
bott et al. 2017; Mészéros et al. 2019). Due to the short-
duration nature of transient sources, observing these
astronomical events imposes stringent requirements on
both observational equipment and real-time alert sys-
tems. These systems are required to rapidly detect and
track intense astronomical events, like SN and GRBs,
and then share the discoveries with the global observa-
tional community, enabling other telescopes to carry out
follow-up multi-wavelength and multi-messenger obser-
vations (Staley & Fender 2016; Nordin et al. 2019; Ayala
Solares et al. 2020; Moller et al. 2021; Reichherzer et al.
2021).

With the construction and commissioning of next-
generation astronomical facilities, multi-wavelength
and multi-messenger observations have progressively
emerged as a core research direction in modern astron-
omy. Traditional observations, focused on single elec-
tromagnetic bands (e.g., optical or radio) or individual
messengers (such as neutrinos, cosmic rays, or GWs),
can no longer comprehensively unveil the complex phe-
nomena in the universe. Therefore, combining multi-
wavelength and multi-messenger observations has be-
come the inevitable choice for conducting a more com-
prehensive study of astrophysical processes.

In the electromagnetic spectrum, various large tele-
scopes, such as the Square Kilometer Array (SKA;
Dewdney et al. 2009), China Space Station Telescope
(CSST; Zhan 2011; Cao et al. 2018; Gong et al. 2019),
Large Synoptic Survey Telescope (LSST; LSST Science
Collaboration et al. 2009; Ivezi¢ et al. 2019), Advanced
Telescope for High-Energy Astrophysics (ATHENA;
Barret et al. 2018), and ground-based gamma-ray obser-
vatories such as Large High Altitude Air Shower Obser-
vatory (LHAASO; Cao et al. 2019) and Cherenkov Tele-
scope Array (CTA; Actis et al. 2011), will cover a wide
range of electromagnetic bands, from radio waves to op-
tical, X-rays, and gamma-rays. These are expected to
significantly enhance our observational capabilities for
transient sources and related cosmic events.

In the field of multi-messenger astronomy, high-energy
neutrino telescopes, exemplified by the IceCube Neu-
trino Observatory (IceCube; IceCube Collaboration
2013), cosmic ray detector arrays (such as LHAASO),
and GW detectors (including LIGO, Virgo, and KA-

GRA; Abbott et al. 2018) supply complementary data
for transient source research. Multi-messenger observa-
tions, in synergy with multi-wavelength electromagnetic
ones, yield multidimensional perspectives of transient
sources, unveiling more details about these phenom-
ena. Simultaneously, these multi-messenger and multi-
wavelength observations imply a large volume of real-
time observational data and alert information.

In order to facilitate the real-time distribution of these
alert messages to other astronomers for follow-up ob-
servations using multi-wavelength and multi-messenger
instruments, it is essential to establish a workflow that
can process and analyze these alert messages, thereby
enabling their distribution, filtering, and classification.
Although there are already many excellent astronomical
alert platforms such as Astronomer’s Telegram (Atel)®,
Gamma-ray Coordinates Network (GCN)?, and Virtual
Observatory Event (VOEvent)?, these alerts are often
published across multiple platforms, leading to incom-
plete information dissemination. Furthermore, some
alert platforms do not use the machine-readable stan-
dard data formats developed by the International Vir-
tual Observatory Alliance (IVOA), but instead release
observations in human-readable formats, which poses
challenges to batch processing and automation. To ad-
dress the challenges of scattered, inconsistent, and non-
retroactive alert messages, it is crucial to establish a
platform that can integrate and push transient source
alerts in real-time. This will significantly improve ob-
servational efficiency, enhance the comprehensive un-
derstanding of these transient phenomena, and promote
near-real-time multi-wavelength follow-up observations
of transient sources.

To address the growing challenges of observational
data and alerts, we develop a real-time notification
platform called “TransientVerse”*. TransientVerse col-
lects and integrates transient source alerts from multi-
ple sources, such as Atel, GCN, and VOEvent, through
an automated collection pipeline. By leveraging open-
source large language models, the platform parses tex-
tual data into structured formats, which are promptly
delivered to users via standardized templates, facilitat-
ing multi-wavelength and multi-messenger follow-up ob-
servations. Additionally, TransientVerse provides ret-
rospective query, visualization, and literature research

L https://astronomerstelegram.org/
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3 https://www.chime-frb.ca/voevents

4 https://transientverse.zero2x.org/
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functionalities, allowing users to efficiently analyze the
collected alerts.

The paper is structured as follows: Section 2 dis-
cusses the scientific motivations; Section 3 describes the
platform’s architecture and key features; and Section 4
presents a summary and future outlook.

2. SCIENCE DRIVERS

Various transient astrophysical events, such as FRBs,
GRBs, and GWs, require multi-wavelength and multi-
messenger observations to reveal their origins, physical
mechanisms, and temporal evolution. The scientific mo-
tivation behind the TransientVerse platform lies in pro-
viding real-time alerts, analysis, and follow-up observa-
tions of these events, enabling coordinated efforts across
multi-wavelength and multi-messenger domains.

2.1. Fast Radio Bursts

FRBs are the brightest transient phenomena in the
radio band, with durations typically ranging from mi-
croseconds to milliseconds. Since the discovery of the
first FRB (Lorimer et al. 2007), over 800 FRB sources
have been identified (CHIME/FRB Collaboration et al.
2021; Li et al. 2021; Niu et al. 2022; Feng et al. 2022;
Zhang et al. 2022; Xu et al. 2023). However, their ori-
gins and physical mechanisms remain a mystery. The
first multi-wavelength simultaneous observation of the
FRB 20200428 event was observed from the magnetar
SGR 193542154 in our galaxy, where the burst was ob-
served in both the X-ray and radio bands (Mereghetti
et al. 2020), significantly advancing our understanding
of FRB origins and mechanisms. Notably, the occur-
rence of a “burst forest” in magnetar suggests that the
source may have entered an active phase, potentially
generating FRBs similar to FRB 20200428, offering a
trigger for further research. Due to the short duration of
FRB bursts, they are often not directly observable dur-
ing coordinated multi-wavelength campaigns. There-
fore, follow-up observations of their afterglows are es-
pecially important.

2.2. Gamma-Ray Bursts

GRBs are the most powerful electromagnetic bursts
in the universe (Kumar & Zhang 2015), with durations
ranging from a few milliseconds to several hours (Thone
et al. 2011; Gendre et al. 2013; Levan et al. 2014). De-
spite over 50 years of observations of GRBs (Klebe-
sadel et al. 1973), many aspects related to their jet
physics, particle acceleration, radiation processes, and
radiation mechanisms remain mysterious (Zhang 2019).
Simultaneous observations across multiple wavelengths
offer the potential to address these questions. In 2022,
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the Fermi Gamma-Ray Burst Monitor (GBM) and the
Swift Burst Alert Telescope (BAT) detected the bright-
est GRB ever recorded, named GRB 221009A (Tan et al.
2022; Veres et al. 2022; Williams et al. 2023). Sub-
sequently, its counterpart was observed in radio, opti-
cal, and X-ray bands (Kennea et al. 2022; Veres et al.
2022; Lipunov et al. 2022; Bright et al. 2022); addition-
ally, very high-energy emission was detected, with the
LHAASO observatory detecting photons up to 18 TeV
(Huang et al. 2022). Many experimental groups later
conducted follow-up observations of its afterglow across
the radio, millimeter, optical, X-ray, and gamma-ray
bands (Laskar et al. 2023), significantly enhancing our
understanding of GRB explosion mechanisms. There-
fore, real-time notification of GRB alert information is
crucial for coordinating multi-wavelength observations
of GRB explosions and afterglows using combined tele-
scope facilities.

2.3. Gravitational Waves

GWs are ripples in spacetime predicted by general
relativity, propagating at the speed of light. They are
expected to originate from extremely massive, strongly
accelerated celestial systems, including symmetric non-
rotating systems as well as asymmetric collapses or
mergers of massive objects, such as black holes or neu-
tron stars. Since the first GW event, GW170817, was
independently detected by LIGO and Virgo (Lipunov
et al. 2017), an increasing number of GW events have
been observed successfully. The electromagnetic coun-
terparts of GW170817 were detected across multiple
wavelengths, including radio, ultraviolet, optical, in-
frared, and X-ray bands. In the radio and X-ray bands,
signals were not detected initially but were observed ap-
proximately 16 and 9 days after the event, respectively.
In the optical band, signals were independently detected
within 11 hours of the explosion by multiple teams. In
the ultraviolet band, a signal was observed early on and
faded within 48 hours, while the optical and infrared
bands showed redshift evolution within about 10 days.
No signals were detected in the neutrino or high-energy
gamma-ray bands. These multi-wavelength and multi-
messenger observations support the hypothesis that the
GW170817 event was triggered by the merger of two
neutron stars in NGC 4993 (Abbott et al. 2017).

FRBs and GRBs might be associated with GWs.
These high-energy burst events are likely to originate
from similar extreme celestial systems, such as black
hole or neutron star mergers, making them high-priority
targets for observational studies. Their study could pro-
vide crucial insights into understanding high-energy ex-
plosive phenomena.



The search for multi-messenger and electromagnetic
counterparts of GWs is crucial for understanding the
origin of GW events. However, due to the significant
uncertainty in the sky localization of GWs, the search
for multi-messenger and electromagnetic counterparts
becomes extremely challenging and requires additional
telescopes to observe the region identified by the GW
detectors. Furthermore, as the signals in different wave-
length bands appear at different time intervals, covering
hours, days, and weeks in various parts of the electro-
magnetic spectrum, the timely notification of GW alerts
is crucial for coordinating multi-wavelength follow-up
observations, which will help reveal the mechanisms be-
hind GW production.

3. OVERALL ARCHITECTURE OF THE
TRANSIENT SOURCE PLATFORM

The architecture of the TransientVerse system is de-
signed to integrate transient source alert messages, pro-
viding real-time notifications and enabling retrospective
queries. It consists of two main components: the in-
gestion pipeline and application services. Figure 1 illus-
trates the role of each component in ensuring efficient
data processing, storage, and user access.

3.1. Ingestion Pipeline

The ingestion pipeline, orchestrated by Airflow, is the
core of TransientVerse, responsible for collecting, pro-
cessing, and storing transient source alerts from multiple
sources. It consists of three main stages:

3.1.1. Alert Message Retrieval

The first step in the ingestion pipeline is alert message
retrieval. It is primarily responsible for obtaining tran-
sient source alert messages from multiple alert sources
and ensuring that incoming report files are stored se-
curely and efficiently in different raw formats. To en-
sure high availability and durability of the data, we use
cloud-based storage services, ensuring that all data can
be reliably stored and accessed when needed. This de-
sign aims to streamline the process while maintaining
stability, thereby ensuring the smooth execution of sub-
sequent stages.

The platform currently supports the following key
alert message sources:

e Atel: Atel is a web-based short-notice publication
system designed for quickly reporting and com-
menting on new astronomical observations (Rut-
ledge 1998). Its advantage lies in its simplicity and
efficiency, allowing users to directly publish Tele-
gram posts on the website, with the content being

immediately made public, thus ensuring high real-
time relevance. However, the content published
by Atel lacks a standardized format and is pre-
sented in human-readable form, making it difficult
to extract structured information (such as source
names, telescope names, and coordinates) for ma-
chine automation. To address this, the platform
will integrate open source large-language models
to automate the extraction of this information.

VOEvent: VOEvent, developed by IVOA, is a
standard format for describing and transmitting
information about transient astronomical events
(Swinbank 2014). The VOEvent message source
integrated into the platform is provided by the
CHIME (Canadian Hydrogen Intensity Mapping
Experiment) collaboration, which transmits real-
time alerts about newly discovered and known
FRBs (Petroff et al. 2017). These alert messages
are distributed rapidly to observatories and as-
tronomers worldwide and are automatically in-
cluded in the Fast Radio Burst Catalog (FRB-
CAT) for real-time updates, making it easy for
researchers to access and analyze related data
(Petroff et al. 2016). The platform also tracks
these repeated burst alerts and identifies FRBs
with high frequency, pushing relevant information
to users for follow-up observations of these fre-
quent FRBs.

GCN: GCN is a platform used for publishing
information about GRBs, GW compact binary
mergers, high-energy neutrino discoveries, and
other astronomical events (Barthelmy et al. 1995,
2001). GCN provides two data formats: Circulars
and Notices. Circulars are readable, citable re-
ports, often not in real-time, and include observa-
tions, quantitative short-term predictions, follow-
up observation requests, or future observation
plans (Barna & Coordinates Network 2024); No-
tices are real-time alerts automatically generated,
typically involving event localization and detection
information. Since Circulars lack a uniform mes-
sage format and are presented in human-readable
form, extracting structured information (such as
source names, telescope names, and coordinates)
is difficult for machine automation. The platform
will use open-source large language model tech-
nologies to automate the extraction of this infor-
mation, enabling structured processing for easier
subsequent display and analysis. Notices contain
a large amount of information about telescope lo-
calization and pointing, which has limited practi-
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Figure 1. The architecture of the transient astronomical alert message collection and integration system. The system efficiently
processes and manages alert messages through a data pipeline orchestrated by Airflow, which includes stages for fetching (Fetch),
parsing (Parse), ingestion (Ingest), and notification (Notify). Parsed data is stored in Cloud Storage and indexed in Elasticsearch
for quick querying. The TransientVerse server provides astronomers with tools for data management, subscription services,
assistive utilities, and FRB insights, enabling streamlined monitoring and analysis of transient alert messages.

cal application for transient sources, so the plat-
form will focus on filtering alerts directly related to
transient source events to improve alert efficiency.

In the platform’s design, the acquisition and pro-
cessing of alert messages are among the core compo-
nents. Figure 2 illustrates the number of alerts ob-
tained each year from the Atel, GCN Circulars, and
VOEvent sources. The first three subplots in the figure
show the annual alert counts for each message source,
while the last subplot presents the total alert count from
all three sources for comparison, providing an overview
of the data distribution across different sources. Addi-
tionally, Table 1 summarizes the characteristics, descrip-
tions, and message formats of these message sources.

3.1.2. Report Parsing

A standardized parsing procedure follows the report
acquisition process to extract relevant information from
the reports. This stage integrates Large Language Mod-
els (LLMs) with custom parsers to ensure high accu-
racy. The LLMs are fine-tuned using carefully designed
prompts, while custom parsers handle specific file for-
mats. Once the data is parsed, it is converted into a
unified structure, ensuring that all extracted informa-
tion follows a standardized format for efficient querying
and analysis.

To optimize the performance of the LLMs in this text
parsing task, we meticulously design prompts that in-
clude key components: role specification, task descrip-
tion, main objectives (with particular emphasis on fields
like telescope names), and a well-crafted one-shot learn-
ing example. The role specification clarifies the model’s
function, guiding it to identify and extract structured
data from scientific reports. The task description ex-

plicitly outlines the objectives, such as extracting tran-
sient names, telescope identifiers, and astronomical co-
ordinates (RA and Dec). Special attention is given to
handling variations in the format of critical fields like
telescope names, ensuring the model can correctly in-
terpret and process diverse naming conventions.

A parsing example is included in the prompt to pro-
vide a clear demonstration of how the model should in-
terpret the text. This one-shot learning approach allows
the LLM to learn from a single example and apply that
knowledge across the entire report. The input-output
format is also clearly defined, ensuring that the model’s
responses are structured and consistent.

In this process, several core fields are selected for
extraction, including Transient Name, Transient Type,
Telescope, RA (Right Ascension), and Dec (Declina-
tion). The effectiveness of different models is evaluated
based on accuracy, precision, and edit distance met-
rics. Through extensive testing and comparison, GPT-4
Turbo (OpenAI 2024) and ERNIE-Bot 4.0 (Baidu Re-
search 2024) were identified as the top-performing mod-
els for this task. These models demonstrated excep-
tional capabilities in parsing complex report formats and
extracting the necessary data, offering a reliable solu-
tion that ensures consistent data quality for downstream
analysis.

By combining fine-tuned LLM prompts with custom
parsing techniques and a unified data structure, this ap-
proach significantly enhances the accuracy and efficiency
of extracting structured data, facilitating seamless inte-
gration into subsequent analysis stages.

3.1.3. Exzxtraction to Search Engine



Table 1. Description and Formats of Different Message Sources

Message Source® Description®

Message Format®

Atel A web-based short-notice publishing system that quickly reports new Human-readable
astronomical observations, with content publicly available in real-time.

Simple and efficient.

VOEvent

A standard format developed by IVOA to describe and transmit tran- Machine-readable

sient astronomical event information, ensuring unified information shar-

ing and processing.

Circulars

Readable and citable quick bulletins, usually not in real-time, contain- Human-readable

ing observational results, short-term predictions, follow-up observation
requests, or future observation plans.

Notices

Automatically generated real-time alerts in machine-to-machine for- Machine-readable

mat, containing localization and detection information for astronomical

events like GRBs and GWs.

% Message Source: The name of the message source.

> Description: A brief explanation of the type of information or service the source provides.
¢ Message Format: The type of format in which the message is presented (human-readable or machine-readable).

Both raw and processed data are ingested into Elas-
ticsearch (ES)°, a robust search and analytics engine ca-
pable of handling large datasets and providing real-time
search capabilities.

To ensure consistency and accuracy, we integrate
data from SIMBAD to retrieve coordinate positions
and standardize transient names based on the source
name (Wenger et al. 2000). This process produces uni-
form fields, enabling efficient relational queries and link-
ing follow-up events associated with the same transient
source. Such standardization enhances data usability
and simplifies the process of tracking subsequent obser-
vations.

Additionally, ES’s geospatial capabilities are leveraged
by mapping astronomical coordinates (RA and Dec) to
a geographic coordinate system. This transformation
allows the system to perform approximate geographic
searches based on sky regions, significantly improving
its ability to deliver relevant and precise results.

By combining standardized fields from SIMBAD with
ES’s geospatial search features, the component provides
a powerful and user-friendly solution for processing and
querying astronomical data. Users can efficiently ex-
plore datasets and identify related observations.

3.2. Application Services

The application services layer is designed to provide a
smooth user experience, making it easier to access and
subscribe to transient source alerts. It offers the fol-
lowing key features: search, display, and subscription of
transient source reports, as well as quick investigation
of sources in the reports. Additionally, the platform

5 https://www.elastic.co/cn/elasticsearch

includes tools for unit conversion and a “Research As-
sistant” tool. Furthermore, for VOEvent FRB alerts,
the platform uses historical alert data to highlight high-
frequency FRB sources on sky maps, which are then
pushed to astronomers. This feature facilitates follow-
up observations of these high-frequency FRB events.

3.2.1. Search for Transient Source Alert Messages

The Transient Verse homepage, shown in Figure 3, fea-
tures a search section at the top with fields for source
name, coordinates (with angular radius), subject, time
range, transient source type, observing telescope, and
keywords. These criteria allow astronomers to filter mes-
sages and locate relevant transient source alerts. The
bottom part of the page displays recent alerts along with
a sky map showing the spatial distribution of the in-
volved sources.

When a search is executed, structured transient source
alert messages matching the criteria are shown, as seen
in Figure 4. If no criteria are specified, submitting the
search form or clicking “more” will lead to the latest
structured alert messages. These messages are extracted
through custom parsers and open-source LLMs.

3.2.2. Display of Transient Source Alerts

TransientVerse processes raw textual data into a
structured format using open-source LLMs. It offers
three main display methods for transient source alerts:
textual data, structured data, and interactive sky map.

e Textual Data Display: Accessible by clicking
the “Report Title” in the structured data inter-
face, this display presents the full text of the corre-
sponding alert, preserving its original format. This
ensures the integrity of the information and allows
users to quickly browse the details.
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e Structured Data Display: Key information
such as source name, coordinates, observation
time, and telescope name, etc., is presented in
a table (see Table 2). For human-readable texts
from Atel and Circulars, fields like RA, Dec,
RA _hms, Dec_hms, Loc_err, Source_Name, Re-
port Subjects, Telescope, and Source_Type are ex-
tracted via open-source LLMs, though the extrac-
tion accuracy is not guaranteed. Users can filter,
analyze, and download selected reports in CSV
format. Clicking on the “source name” reveals
basic information retrieved from the SIMBADS
database, related reports, and papers from ADS.
Clicking the “Report Title” opens the original full
alert message.

e Interactive Sky Map Display: As shown in
Figure 5, this feature utilizes the Aladin” as-
tronomical visualization tool (Baumann et al.
2022). It supports multiple coordinate projec-

6 https://simbad.u-strasbg.fr/simbad/sim-fbasic
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Figure 2. The annual number of messages from three astronomical sources: Atel (panel a), GCN-Circulars (panel b), and
VOEvent (panel c). Panel d illustrates the combined message count from all three sources.

tions (Aitoff, Mollweide, Orthographic, Mercator)
and coordinate systems (Galactic and Equatorial).
Moreover, it allows image overlays from visible
light to radio wavelengths. Users can view source
visualizations across different wavelengths, facili-
tating identification across bands. Additionally,
to assist with potential follow-up observations, the
platform provides telescope coverage maps. Users
can select telescopes from the bottom-left corner,
and their coverage areas are color-coded on the sky
map.

The interlinking of these display methods enables
seamless navigation.

After applying filters, users can

first view structured alert messages on the “Source Re-
port” page and then switch to the “Source Map” to visu-
alize the filtered sources on the sky map. Clicking either
on a source name in the structured report or its corre-
sponding point (yellow star) on the map will bring up
detailed source information. Clicking the “Report Ti-
tle” in the structured message retrieves the full textual
version of the alert message, enhancing analysis flexibil-

ity.
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Spectroscopic observation of the transient AT2024afyi in M33
The flaring flat spectrum radio quasar OP 313 shows another remarkable rising trend in the optical...
The FSRQ B2 1308+326: the activity phase at R = 13.44 after gamma-ray flare in December
XRISM/Xtend Transient Search (XTS) detected an X-ray flare from XRISM J0057+6021
Discovery of a Probable Nova in M81
Detection of positive superhumps in the cataclysmic variable KR Aur
1ES 1959+650: Upper limits from a neutrino search with IceCube
SVOM detection of an X-ray flare from V* CC Eri
Recurrent nova M31N 2008-12a: Swift/XRT detection of the SSS following the 2024 eruption
Multiwavelength observations of the symbiotic star V694 Mon during the current stable hydrogen-...
New Swift observations of the SVOM-discovered outburst of the TeV blazar 1ES 1959+650: X-rays ar...
Deep R-band Photometry of M31N 2008-12a
An exceptional optical flare of the flat spectrum radio quasar PKS B2258-022
Fermi-LAT detection of enhanced gamma-ray activity from the FSRQ PKS B2258-022
The flat spectrum radio quasar OP 313 is again in a very bright optical state at R=13.7
Swift/XRT observations of RX J0218.7+3854
Follow-up Multicolor Photometry of the Latest Eruption of M31N 2008-12a
Fermi-LAT detection of enhanced gamma-ray activity from the FSRQ S3 1444+17
Swift observations of the 2024 eruption of recurrent nova M31N 2008-12a
Early-Time Photometry of the Recent Eruption of M31N 2008-12a
Spectroscopic confirmation of the 2024 outburst of M31N 2008-12a
Las Cumbres Observatory early observation of the 2024 eruption of the recurrent Nova M31N 200...
Detection of the X-ray Transient EP241212a by the Einstein Probe
Recurrent Nova M31N 2008-12a: Discovery of the 2024 eruption
Swift observations of the flaring TeV blazar 1ES 1959+650: the outburst continues in X-rays, and is also ...
Fermi-LAT detection of renewed gamma-ray activity from the FSRQ OP 313
Observations of increased very-high-energy gamma-ray emission from 1ES1959+650 with the MAGL...
Swift discovers the Seyfert 1 galaxy PG 1149-110 in very low X-ray and UV flux states
Possible outburst from the X-ray source RX J0218.7+3854 observed by Einstein Probe
« Optical spectroscopy of the supernova candidate AT2024adia

Map Control

Figure 3. Home page of the TransientVerse platform. The top section provides a search interface with filters for source name,
coordinates (with radius), subjects, time, source type, telescope, and keywords. The bottom section displays recent alerts and

a skymap showing the spatial distribution of transient sources.

3.2.3. Subscription of Transient Source Alerts

To better serve astronomers, the TransientVerse plat-
form offers a subscription feature, allowing users to se-
lect specific alert source types based on their interests
and receive related alerts via email. The system auto-
matically pushes notifications when new data is avail-
able, ensuring the timeliness and relevance of the infor-
mation while reducing the need for users to frequently
visit the platform. The subscription system is designed
to be simple and intuitive, supporting customizable no-
tification settings, enabling users to efficiently receive
transient source alerts and facilitating follow-up multi-
wavelength and multi-messenger observations.

3.2.4. Quick Literature Survey for Transient Sources

When researchers receive new astronomical alerts,
they often seek comprehensive information about the
celestial sources mentioned, including their basic prop-
erties, observation history, and related research. On the
TransientVerse platform, users can access detailed infor-
mation about a celestial source through two methods.
The first method is through the structured alert inter-
face, as shown in Figure 4, where clicking on a source
name directs users to a page displaying three types of
information: (a) basic data from the SIMBAD database,

(b) historical observation alerts aggregated from ATel,
GCN, and VOEvent, and (c) relevant literature retrieved
from the Astrophysical Data System (ADS). The second
method is through the Source Map, where users can click
on a source point and select “more info” to access the
same three categories of information. An example of
this process for the source FRB 20240114A is shown in
Figure 6.

Additionally, TransientVerse links the source name to
our curated structured astronomical report database,
aggregating historical observation reports about the
source from sources like ATel, GCN, and VOEvent to
provide comprehensive historical observation informa-
tion.

To support in-depth research, the platform performs
article searches within the Astrophysical Data System
(ADS) using the extracted celestial names as keywords.
The results are then sorted by relevance and citation
count, showing only the top 20 papers. This feature
ensures that researchers can efficiently access the most
influential and valuable studies, thus improving research
efficiency and workflow.

3.2.5. Unit Conversion Toolkit

To facilitate users in performing unit conversions while
viewing transient source reports, the TransientVerse
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Figure 4. Structured alert data representation on TransientVerse. The Report Title column links to the original textual
report, while the Source Name column provides detailed source information, including basic data, related alerts, and papers
retrieved from Astrophysics Data System (ADS)b. Keywords such as RA, Dec, RA_hms, Dec_hms, Loc_err, Source Name,
Report Subjects, Telescope, and Source Type are extracted from the textual messages using LLMs.

2 https://ui.adsabs.harvard.edu/
b https://ui.adsabs.harvard.edu/

website provides unit conversion functions for coordi-
nates, time, distance, and flux on the right side of the
interface. The following are the specific functions:

e Coordinate Unit Conversion: Supports con-
versions between different coordinate systems
(Equatorial, Galactic, and Ecliptic) and units
(sexagesimal, degrees, and radians). Users can in-
put coordinates and select the input and output
celestial coordinate systems and units, and the sys-
tem will automatically convert the coordinates to
the output system and unit.

e Time Unit Conversion: Supports conversion
between time units such as UTC, MJD, and JD.
After entering one unit, the system will automat-
ically display the corresponding values in other
units. When a user selects a telescope, the sys-
tem will show the time in the time zone of that
telescope.

e Distance Unit Conversion: Supports conver-
sions between units such as kilometers, astronom-
ical units, parsecs, light years, and distance mod-
ulus (m-M). When a user enters a value in any of
these units, the system will automatically convert
it to all other units.

e Flux Unit Conversion: Supports conversions
between units such as Jy, AB Mag, W m~2 Hz ™!,
and erg cm—2 s~! Hz~!. When a user enters a
value in any of these units, the system will auto-
matically convert it to all other units. Further-
more, when the user inputs the equivalent pulse
width (in milliseconds), the system will automat-
ically calculate the energy density of the pulse in
the unit (erg m~2 Hz~2).

These unit conversion features support both interac-
tive unit conversion and batch unit conversion. In
batch conversion mode, after importing the file contain-
ing the units to be converted, users only need to select
the corresponding unit in the file. The system will au-
tomatically display the converted values for all units in
the output file, which users can then download directly.

In addition, to support users in conducting follow-up
observations of queried sources, the tool provides the vis-
ibility time for certain sources from different telescopes.
As shown in Figure 7, when users input the source’s co-
ordinates, select a telescope, enter the observation time,
and provide the telescope’s maximum zenith angle, the
system will display the source’s elevation throughout the
day for the selected telescope and provide the distribu-
tion of the zenith angle and azimuth at different times
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Table 2. Structured Data Fields from Various Alert Message Sources

Field Name”* Description Atel VOEvent Circular Notice
Report Title Title of the alert report v v v v
Source Name Name of the source v v v

Source Type Type of the source v v v v
Telescope Name of the telescope v v v v
Report Time Time of the report publication v v v v
Report Subjects Classification of the report’s subjects v v v v
RA (Degree) Right Ascension of the source (in degrees) v v v v
Dec (Degree) Declination of the source (in degrees) v v v v
Loc_err Localization error (in degrees) v v v v
RA_hms Right Ascension of the source (in HMS format) v v v v
Dec_dms Declination of the source (in DMS format) v v v v
Event Type Type of the event v

Event Number Event number v

DM Dispersion Measure of the event (in pc-cm™?) v

DM_err Error of the Dispersion Measure (in pc - cm™?) v

DM _ne Upper limit of Dispersion Measure (in pc - cm™3) v

DM_ymw Time variation of the Dispersion Measure (in pc - cm™?) v

SNR Signal-to-Noise Ratio v

GAL_LONG Galactic longitude of the source (in degrees) v
GAL_LAT Galactic latitude of the source (in degrees) v
ECL_LONG Ecliptic longitude of the source (in degrees) v
ECL_LAT Ecliptic latitude of the source (in degrees) v

* Field Name refers to the structured keywords extracted from the alert reports, summarizing the key metadata of

astronomical events.

V' indicates the presence of the corresponding field in the message source.

of the day. This figure illustrates an interactive tool for
observation planning.

For instance, when the observation date is set to Jan-
uary 1, 2025, the telescope is configured to the Five-
hundred-meter Aperture Spherical Telescope (FAST) Li
et al. (2018), and the source coordinates are specified
as RaJ 10:10:10 and DecJ 10:10:10, with a maximum
zenith angle of 40°, the system will display the variation
in the source’s elevation throughout the day. This infor-
mation is visualized in two charts: the left chart shows
the elevation variation as a function of UTC time, with
different azimuths represented by distinct colors, as in-
dicated by the color bar on the right. The dashed line
represents the moon’s altitude, while the red line in-
dicates the sun’s altitude. The right chart is a polar
plot that illustrates the target’s trajectory throughout
the day, with azimuth shown along the angular direction
and zenith angle represented as radial distance. The red
line traces the target’s motion, and the green dot marks
its position at the specified time. In addition, the precise
rise and set times of the source (in UTC) are displayed
on the right.

3.2.6. Follow-up Observation Alert Feature for FRBs
Based on VOEvent Messages

As shown in Figure 8, this figure presents the detec-
tion frequency statistics of repeating FRBs and the high
frequency source information from the VOEvent system.
The left panel contains four detection frequency distri-
bution plots for repeating FRBs with common elements.
Solid red and black lines at 26.4° and 40° mark the
zenith angle constraints for the FAST telescope. The
detection frequencies of repeating FRBs are divided into
four levels: Level O (highest), Level 1 (> 5 detections),
Level 2 (2 - 4 detections) and Level 3 (1 detection).
Markers vary in shape and size, and the size is propor-
tional to the detection frequency. The differences be-
tween the plots are in the data and color use. The top
two plots show the detection frequency of all repeating
FRBs in the equatorial and galactic coordinate systems,
and color is used to distinguish repetition frequency lev-
els based on the color bar in Figure 2. The bottom
two plots display detection frequencies for the past three
months and the past month, respectively, with red in-
dicating the past month and black indicating the past
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Figure 5.

Swift J151857.0-
572147

RA: 229.7375
Dec: -57.3633
More info

Interactive sky map with multi-wavelength overlays: This image shows an interactive sky map with multiple

wavelength layers, including a Fermi color layer (highlighted in red). The map allows users to overlay different wavelength
bands and visualize celestial sources, with an elliptical red frame marking a source that can be clicked for detailed information
(such as basic data, historical alerts, and related papers from ADS). In the upper-left corner, users can select different coordinate
systems; the lower-left corner displays the visible sky regions of different telescopes; and the upper-right corner offers different

projection modes.

About Reports:

Ll Alel Addendum: Confirmation of a compact persistent radio source associated with FRB20240114A

Alel Confirmation of a compact persistent radio source associated with FRB20240114A

O Arel Discovery of a radio continuum counterpart spatially associated

.
>
E.

Alel First Swift Observations of the Repeating FRB20240114A

Detection of a gamma-ray flare in the direction of FRB20240114A

.
H

Broadband detection of bursts from FRB 20240114A up to 6GHz

.
=]

A redshift for the host galaxy of FRB 20240114A

Wideband detection of FRB 20240114A above 2 GHz with the Allen

.
-1

.
>
!Eg

Detection of hyper-activity of FRB 20240114A with FAST

- & Detection of 51 bursts from the active repeater FRB 20240114A
. Detection and localisation of the highly active FRB 20240114A

. Detection of a burst from the repeating FRB 20240114A at 408

. Detection of band-limited bursts from highly active FRB 20240114A
-3 Bright burst detection from FRB 20240114A at 327 MHz using

- & CHIME/FRB discovery of a new repeating fast radio burst source

ADS Articles: (b)

Detection and localization of the highly active FRB 20240114A with MeerKAT

Varying Activity and the Burst Properties of FRB 20240114A Probed with GMRT Down to 300 MHz
Polarization Characteristics of the Hyperactive FRB 20240114A

Low-frequency, wideband study of an active repeater, FRB 20240114A, with the GMRT!

A redshift for the host galaxy of FRB 20240114A

Detection of a potential persistent radio source associated with FRB 20240114A

Detection of hyper-activity of FRB 20240114A with FAST!

CHIME/FRB discovery of a new repeating fast radio burst source FRB 20240114A

Detection and localisation of the highly active FRB 20240114A by MeerKAT!

Discovery of a PRS associated with FRB 20240114A

Detection of band-limited bursts from highly active FRB 20240114A by FAST

Detection of bursts from FRB 20240114A at 2.5 GHz using the Nancay Radio Telescope!

Discovery of a radio continuum counterpart spatially associated with the repeating FRB 20240114A

FRB 20240114A: A potential association with a galaxy cluster at 425 Mpc.

Detection and confirmation of FRB 20240114A hyper-activity with Parkes/Murriyang

Wideband detection of FRB 20240114A above 2 GHz with the Allen Telescope Array!

FRB 20240114A: No counterpart candidate in Fermi-LAT observations|

Detection of 51 bursts from the active repeater FRB 20240114A with micro-structure by the uGMRT!

Bright burst detection from repeating FRB 20240114A at 408 MHz with the Northern Cross radio telescope;
Detection of a burst from the repeating FRB 20240114A at 408 MHz with the Northern Cross radio telescope

Here are the top 20 papers ranked by search relevance and citation,

Figure 6. A quick literature survey for the source FRB 20240114A, showing:(a) related alerts in chronological order, and (b)

relevant papers from ADS.

three months, rather than frequency levels. The right
panel contains four tables. The first classifies sources by
repetition frequency levels, while the remaining three
list the top six highest-frequency sources for all time,
the past three months, and the past month. These visu-
alizations provide an intuitive statistical overview, help-

ing astronomers identify high-frequency erupting FRB
sources for follow-up observations.

4. DISCUSSION AND CONCLUSION

The TransientVerse has been designed with the ob-
jective of becoming the world’s leading comprehensive
platform for transient source alert management. It fa-
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Telescope: FAST, Target Raj: 10h10m10s
DecJ: 10d10m10s Date: 2025-01-01
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Figure 7. Interactive observation planning tool. For instance, when setting the observation date to January 1, 2025, with the
FAST telescope, source position at RaJ 10:10:10, DecJ 10:10:10, and a maximum zenith angle of 40°, the tool shows the source’s
elevation variation throughout the day. The left plot shows elevation versus UTC time with color-coded azimuths, moon and
sun altitude (dashed and red lines, respectively). The right plot displays the target’s daily trajectory in polar coordinates, with
azimuth and zenith angle, where the red curve represents the path and the green dot marks the position at the specified time.

Precise rise and set times in UTC are shown on the right.

cilitates a range of services, including subscription man-
agement, retrospective queries, and rapid access to ba-
sic information, historical alert data, and related litera-
ture for sources referenced in the reports. In addition,
the platform’s visualization tools and user-friendly in-
terface support real-time queries and personalized cus-
tomization, significantly optimizing the research work-
flow. The modular design of message sources ensures the
platform’s high scalability, allowing for flexible integra-
tion with external services and data sources, thus pro-
viding strong support for multi-wavelength and multi-
messenger astronomy research.

In the field of transient source astronomy, another
platform similar to TransientVerse is Astro-COLIBRI
Reichherzer et al. (2021)%. Although Astro-COLIBRI
shares many features with TransientVerse, its design
philosophy and application focus seem to differ in sev-
eral ways. Astro-COLIBRI appears to place a greater
emphasis on the detailed analysis of individual alert
events. The event detail pages feature a discussion
area where astronomers can exchange insights and share
opinions on specific astronomical events, potentially fos-
tering academic discourse. Additionally, the platform
offers a mobile app, which further extends its accessibil-
ity and usability. In contrast, TransientVerse empha-
sizes the in-depth exploration of astronomical sources
associated with alert events. By leveraging LLMs and
custom parsers, the platform extracts source names from
alert messages, retrieves essential source information

8 https://astro-colibri.org/

from SIMBAD, searches related alert data within its
database, and gathers relevant literature from ADS.
This facilitates a rapid and comprehensive understand-
ing of the sources involved in each event. Moreover, the
platform features an observational assistant tool, which
aids astronomers in determining the necessity of follow-
up observations, thereby enabling multi-wavelength and
multi-messenger collaborative efforts that drive progress
in astrophysical discoveries.

TransientVerse platform presents several remarkable
features and advantages as follows:

e Integration and Structuring of Alert Mes-
sages: The platform integrates alert messages
from various transient alert systems and employs
open-source LLMs and custom parsers to convert
textual alerts into structured data. This improves
data consistency and query efficiency, laying the
foundation for further analysis and visualization.
Its modular design also supports the addition of
new alert sources and telescope systems.

e Historical Data Retrieval and Query: Users
can flexibly query historical alert messages based
on parameters such as time range and source type.
The platform also supports downloading struc-
tured data for subsequent scientific analysis.

e Sky Map Visualization: The platform provides
a sky map-based visualization of transient sources,
supporting multiple coordinate systems and pro-
jection modes. Users can overlay specific telescope
visibility regions to quickly determine whether a
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TransientVerse real-time distribution map of FRB repetition rates
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Figure 8. Detection frequency statistics of repeating FRBs and high-frequency source information from the VOEvent system.
The left panel includes four distribution plots: the top two show the detection frequency of repeating FRBs in equatorial and
galactic coordinates, color-coded by frequency levels (based on the color bar in Figure 2). The bottom two show the detection
frequencies of the same in the past three months (in black) and the past month (in red). Marker shapes and sizes represent
repetition frequency levels, and red and black lines indicate the zenith angle constraints for the FAST telescope (26.4° and 40°).
The right panel contains four tables: the first classifies sources by repetition frequency levels, while the other three list the top
six highest-frequency sources for all time, the past three months, and the past month.
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target is within the observable range, thereby im-
proving observation planning efficiency.

e Source Investigation and Literature Sup-
port: By clicking on a transient source’s name,
users can access detailed information, including
historical alert records and related academic liter-
ature. The platform leverages the ADS system to
perform precise searches for the literature associ-
ated with the source, helping researchers to obtain
reference materials efficiently.

e Observation Tools and Optimal Observation
Time Recommendation: The platform offers
practical tools for tasks such as flux, time, dis-
tance, and coordinate unit conversions. Through
the “Observation Assistant” module, users can ob-
tain intelligent recommendations for optimal ob-
servation times based on observation dates and
telescope specifications, maximizing the utility of
limited observation windows.

The platform will continue to expand its data ecosys-
tem by incorporating additional telescopes and alert re-
sponses, enhancing both the timeliness and coverage of
event detection. This will not only enrich the available
data resources but also further improve the platform’s
response speed and analytical capabilities for transient
events. In parallel, the platform plans to introduce a
multi-model matching feature for FRBs, enabling more
sophisticated event analysis. By integrating various the-
oretical models and observational data, the platform will

be able to achieve more accurate event identification and
prediction, advancing the study and understanding of
FRB mechanisms. This expansion will not only meet
the needs of current users but also pave the way for fu-
ture developments in multi-messenger astronomy.

The TransientVerse development team welcomes feed-
back from the astronomy community to further improve
the platform. Please feel free to contact us via the au-
thors’ email. *
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