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€p01709248865wxt9s1 | 2025-11-26 13:54:57 | 54.312 25.982

2 ep01709248865wxt24s3 | 2025-11-26 13:54:57 |8.971 59.822

§ b ep01709248865wxt24s1 | 2025-11-26 13:54:57 | 6.320 64.155

R J ep01709248865wx(24s2 | 2025-11-26 13:54:57 | 14.191 60.721

; K‘ ep01709248865wxt9s2 | 2025-11-26 13:54:57 | 58.823 31.078
27 3 ep01709248865wxt21s1 | 2025-11-26 13:54:43 |32.379 52.425
¢ 5 ep01709248865wx{7s2 | 2025-11-26 13:54:35 | 47.040 40.951
A e o3 ep01709248865wxt7s1 | 2025-11-26 13:54:35 | 49.958 41512
o ,-3 /5 ep01709248865wxt2s1 | 2025-11-26 13:54:13 | 44.288 53.894

H‘ ; ep01709248865wxt22s1 | 2025-11-26 13:53:34 |26.611 61.751

- ep01709248865wx(35s1 | 2025-11-26 13:53:21 | 63.361 10.492

ep01709248865wxt35s2 | 2025-11-26 13:53:21 | 57.676 5.792
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: Introduction
Currently Available Data Products
There are three primary data products that can be created using gPhoton.
The Fermi data released to the scientific community is governed by the data policy. The released instrument data for the GBM, along
with LAT source lists, can be accessed through the Browse interface specific to Fermi. LAT photon data can be accessed through
the LAT data server.

The FITS files can also be downloaded from the Fermi FTP site. The file version number is the 'xx’ in the characters before the
extension in each filename; you should keep track of the version numbers of files you analyze since the instrument teams may
update them.

Note that the LAT and GBM data are accompanied by caveats about their use.

» LAT Photon and Extended Data
o LAT Data Server (updated with P8R3 data 26-Nov-2018)
o LAT Low-Energy (LLE) Data (Browse table)
o Products available on the FTP Site (current processing version of the data).
. [’Veek\y Photon Files ]

» Weekly Spacecraft Files ™ Weekiy P thO n Fi Fes LIGHTCURVES

= Mission Long Spacecraft File

* Weekly 1-second Spacecraft Files There are three primary Python modules you will use.
» Filtered Weekly Photon Files with Diffuse Response Columns

IMAGES IMAGE CUBES

1. gFind - The search tool. Queries the database for available data (reported as time ranges) at a given coordinate.

2. gAperture - The photometry tool. Performs aperture photometry at the given coordinate and returns light curves ata
» Pass 8 (P8R2) Weekly Files specified bin width. Can optionally write a "photon event file" containing each event.

« Pass 7 (V6d) Weekly Files 3. gMap - The image tool. Writes FITS images or image cubes (image frames) of a requested sky region.

= Pass 7 (V6) Weekly Files

o Previous processing versions available on the FTP site

» Pass 6 (V11) Weekly Files Background
= Pass 6 (V3) Weekly Files The Galaxy Evolution Explorer (GALEX) mission surveyed the sky in the ultraviolet for approximately ten years between April 2003
o 8SDC data server (external) and June 2013. Its two microchannel plate (MCP) detectors recorded the position and time-of-arrival of incident photons ("photon

events") with a time resolution of 5 thousandths of a second. Due to storage space and processing limitations, however, these data

gelAlicatioge antiEsstaiaed pRoAUC: (HigTHleVal R L ciE daly) have previously been released and archived almost exclusively as integrated images (with visit- and coadd-level depths of minutes

o LAT Source Catalog or more). The gPhoton database and associated software tools now give researchers the means to use photon-level GALEX data
+ LAT 14-year Source Catalog (4FGL-DR4) up through General Release (GR) 6/7.
* LAT 12-year Source Catalog (4FGL-DR3) The corpus of GR 6/7 photon data is composed of more than 79 billion FUV and over a trillion NUV photon events. On disk, the
= LAT 10-year Source Catalog (4FGL-DR2) gPhoton database is approximately 130 TB. The gPhoton command line tools permit users to search for coverage within this
« LAT 8-year Source Catalog (4FGL) database and create calibrated light curves, images, or movies, with the flexibility to set time and spatial ranges or cuts across the

entire mission. This enables studies of variability at timescales shorter than the GALEX visit files, customization or refinement of
the calibration, and simplifies the fusion of data across mission phases, surveys and modes. When imported as Python modules,
gPhoton permits even more detailed work with the data, including analysis at the level of individual photons.

Fermi Data Repository GALEXY gPhoton

| &

Preliminary LAT 8-year Source List (FL8Y)
LAT 4-year Source Catalog (3FGL)
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LCGCT: A light curve generator in customisable-time-bin based on S,

time-series database
Z. Zhang >><, Y. Xu®*, C. Cui ***, D. Fan **

2 National Astranomical Observatories, Chinese Academy of Sciences, Bejjing 100101, China

© University of Chinese Academy of Sciences, Beijing 100049, China
< National Asironomical Data Center, Beijing, 100101, China

ARTICLE

INFO ABSTRACT

Dataset link: https://nade.china-vo.org/res/r10

In the era of time-domain astronomy, scientists often need to generate light curves with varying time-bin.

1397/, hetps://github.com/ZhangZhen-Naoc/1 However, an inerease in time resolution typically leads to a substantial increase in data transmission. To
cgmt enhance the data processing efficiency in time-domain astronomy, we propose a novel time-series data model
— for storing time-series observation data, and we construct the LCGCT, a tool designed to produce light curves

Time domain astronomy

with customisable time bins. To validate our approach, we utilise the 7-year MAXI/GSC (Gas Slit Camera of

Astronomy databases the Monitor of Allsky X-ray Image) X-ray source catalogue, incorporating its 24-h binned light curves for

High time resolution astrophysics

a comparative analysis with our approach. The results obtained confirm the accuracy and effectiveness of

Virtual observatory our proposed approach. Subsequently, we compare the storage eapacity and query performance of LCGCT
with a PostgreSQL-based implementation, and results show that LCGCT conserves 75% of the storage space
and achieves three times the query speed. Owing to its noteworthy storage and query performance, our
propased timeseries data model-based LCGCT can be used in time-domain astronomical projects with high

time resolution.

1. Introduction

With the advancement of astronomical telescopes in terms of their
field of view, sensitivity, and space-time resolution, along with their
ability to issue rapid alerts, our understanding of the universe has
expanded from that of a static universe to that of a dynamic uni-
verse. Time-domain astronomy aims to characterise the evolution of
astronomical objects over time based on large datasets obtained from
sky surveys (Vaughan, 2013). It studies objects that vary over time,
including transients and variable sources such as gravitational wave

i supernovae, ay bursts, and tidal

disruption events.

The light curves of sources serve as the primary tool used in time-
domain astronomy for research. Various data analysis techniques are
employed to study light curves, including time series model fitting,
Fourier analysis, and power spectral density (PSD) analysis. In the
context of multi-band time-domain data, methods such as flux-flux-plot
(FFP) and time-lag analysis between light curves in different energy
bands are also been widely used. The selection of time bins for the
light curves influences the effectiveness of most of these methods. In
their research on blazars in the gamma ray band, Zhou et al. (2018)
and Roy et al. (2022) utilised model fitting and Fourier analysis, using

different time-binned light curves to confirm the period of the source.
Meanwhile, Epitropakis and Papadakis (2016) and Kammoun et al.
(2015) utilised time-lag analysis and the FFP method between light
curves in multi-wavelength to investigate active galactic nuclei (AGN).
They all ised the signifi impact of iate time binning
on the results, as it is necessary to increase the signal-to-noise ratio
(SNR), but too long a time bin will dampen short-term variations. This
is particularly evident in high-energy astrophysics where photon count-
ing is the primary detection method, as excessively short time bins may
result in some bins lacking any photon detection. High energy sources
can fluctuate significantly over times scale of several milliseconds to
decades, so different applications and object types typically require
different time bins.
The Einstein Probe (EP) (Yuan et al, 2018), which was recently
launched into space, will become a significant force in high-energy
and time-d i over the next decade. For
transient identification and light-curve fitting, a tool for generating
long-term and customisable-time-bin light curves is required.
Many institutions provide long-term light curve retrieval services
based on archived data, such as HILIGT (Saxton et al., 2022) and ASAS-
SN Sky Patrol (Hart et al., 2023). In addition to searching the catalogue,

* Corresponding author at: National Astronomical Observatories, Chinese Academy of Sciences, Beijing, 100101, China.

E-mail addresses: xuyf@nao.cas.cn (Y. Xu), ccz@bao.ac.cn (C. Cui).

hetps://doi.org/10.1016/}.ascom. 2024.100845
Received 3 April 2024; Accepted 26 May 2024
Available online 18 June 2024

2213-1337/@ 2024 Elsevier B.V. All rights are reserved, including those for text and data mining, Al training, and similar technologies.
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