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Data processing steps

1.0riginal Images: Firstly, it is necessary to obtain the target star s original
image, background image, and flat—-field image from observations.

2. Bias: the recorded CCD output image during a zero—second exposure when there is no
signal input. This occurs because even when the CCD is not receiving photons, it
still generates electrons as an inherent property of the CCD.

3. Flat: due to the fact that each pixel on the CCD does not have completely uniform
sensitivity to photon response, there will be differences even in the response to a
uniform light source. Therefore, before or after observing celestial objects, a
uniform light source is also photographed as a comparison standard, which is called a
flat—-field.

4. Preprocessing: with the bias and flat images, initial preprocessing can be done on
the original image to obtain a clean image. The principle of processing is as
follows:

Original Image — bias
flat — bias

Target Image =



Data processing steps

e 1. Image Alignment (SWarp): SWarp can resample multiple images with different World
Coordinate Systems ( WCS? onto a common WCS coordinate framework and stack them. If only
one image is input and the WCS information of another image is used as the target
coordinate framework for resampling, the alignment of the two images can be achieved.
During the resampling process, SWarp calculates the corresponding pixel coordinates on the
input image for each pixel position in the output image based on the WCS information. It
then computes the pixel value at this pixel coordinate by interpolating the pixels near
this position on tﬁe input image, and subsequently fills this value into the corresponding
position on the output image.

o 2.Flux Callbratlon Due to impacts such as instrumental effects, weather variations, or
atmospheric changes (e.g., atmospheric refraction, turbulence, telescope grav1tat10na1
distortion, etc. § the flux in each image can vary. Therefore, flux calibration is
necessary.

* We select the image with the best quality and choose different standard stars. By
subtracting the standard stars in this image from those in other images, we obtain the
flux difference for each standard star. The flux of each standard star is then divided by
its corresponding flux difference to obtain a calibration factor. The median of these
calibration factors is taken, and each other image is multiplied by this median value to
complete the flux calibration.



Data processing steps

Comparison of Flux Calibration for g-band on May 18, 2023

Since the zero point has already undergone flux correction, the step of flux calibration was not

performed. After

The above figure
the below figure
root mean square

—-11. 86

adding the zero point, the results with and without flux calibration are identical.

shows the light curve without adding the zero point after flux calibration, while
shows the light curve with the zero point added but without flux calibration. The
error between the two light curves is 0.001507642.
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Data processing steps

e [mage Subtraction: The purpose of image subtraction is to eliminate as much as
possible the unchanged (or identical) parts in two images, such as point sources and
extended sources with constant positions and brightness, thereby highlighting the
varying parts, like newly emerging transient sources in scientific images. Because
the target source AGN we observed exhibits minimal changes, the images processed by
hotpants are relatively dark. Therefore, we did not use hotpants for image
subtraction and proceeded directly with photometry.




Data processing steps




Data processing steps

e Aperture Photometry (Sextractor): Aperture photometry involves aligning a selected
aperture size with the point source to be measured, counting the total number of
photons within the aperture, and then subtracting the number of background photons to

obtain the flux of the point source. Subsequently, the instrumental magnitude is
calculated based on this flux.

Number of pixels in the target aperture = ay,

Number of pixels in the sky backgroundregion = as,
Total sum of readingsin the target aperture = Dy,
Total sum of readings in the sky background region = Dy,

Number of photoelectrons corresponding to one reading = GAIN.
So = GAIN - (Dy — D, - (ay/a,))
M, . = —2.510gy(S)




Data processing steps

 Zeropoint:

* The AB magnitude system is a magnitude system based on flux density, with its
zeropoint defined as the specific flux density of Vega in the V-band.

J;” Fu(D) x S°(2) x dA

= —48.60
J, Sebs() x da

AB = -2.5log F, — 48.60 m®™ = —2.5log,,

e Using the XP spectrum from Gaia and the transmission rate of our filter, perform a
convolution to obtain the corresponding magnitude. By subtracting the observed
instrumental magnitude from the obtained magnitude, the corresponding zeropoint can
be determined.

e As for the first step of correcting the instrumental magnitude, it involves adjusting
for the effects of exposure time and atmospheric absorption. Here, k' represents the
atmospheric extinction coefficient, which can be derived through a least squares
linear regression analysis by observing the same standard star at different times and
under varying airmasses, or by observing different standard stars at (nearby) times
and under different airmasses. X denotes the airmass, which can be retrieved from the
information in the image header file.

m’ =m; +2.51og, (texp) — k'X



1m©6 reduction results

» Below are the light curves for each band and each day in the database;

e The final table presents the number of data points, mean square error,

average Sextractor error, and nightly amplitude for each band and
each day.
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Data Processing Comparison



Data Processing Comparison

e Five days of data with significant changes (2023-04-29, 2023-05-02, 2023-
05-08, 2023-05-17, 2023-05-18) were selected to compare the results
processed by me with those processed by the 1m6 database.

2.Finally, a comparison of the magnitudes and errors for these five days
1S provided.
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Data Processing Comparison

FINEF SextractorEiR =

me 20230429 (g) 16.46346 0.01468
1m6 20230429 (g) 16.48354 0.01588
me 20230502 (g) 16.41557 0.01714
1m6 20230502 (g) 16.44233 0.01887
me 20230508 (g) 16.46423 0.01387
1m6 20230508 (g) 16.48393 0.01493
me 20230518 (g) 16.43399 0.00759
1m6 20230518 (g) 16.45158 0.00810
me 20230517 (r) 16.05258 0.00550
1m6 20230517 (r) 16.07279 0.00995

* Based on the results, there is a very small difference in the dail
average magnitudes between my processing and the processing from tﬁe 1m6
database, approximately around 0.02 mag. The difference in the daily
average Sextractor errors is also very minimal.



Data Processing Comparison

The root mean square errors (RMS) of the light curves processed by me and those from
the Im6 database for these five days are listed in the table below, with the minimum
value being 0.01 and the maximum value being 0. 026.

HHE
N — 0429 g 0.017462
. m; —m
o = \/ Z'—‘]\(l : 1 ) 0502 g  0.026206
- 0508 g 0.017238

0517r  0.010825
0518g 0.011881



Current outburst of BL Lacertae



The Astronomer's Telegram is free to read, free to publish, free to
use. Thanks to the support of our patrons, we can continue to
keep it free. https://www.patreon.com/astronomerstel

The Astronomer's Telegram http://www.astronomerstelegram.org

ATEL #16849 ATEL #16849
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The Large Area Telescope (LAT), one of the two instruments on the Fermi
Gamma-ray Space Telescope, has observed recent increasing gamma-ray activity
from BL Lacertae (4FGL J2202.7+4216; The Fermi-LAT collaboration 2020,

ApJS, 247, 33), with coordinates R.A. = 330.68038 deg, Decl. = +42.27778

deg (J2000; Johnston et al. 1895, AJ, 110, 880), and redshift z = 0.0686
(Vermeulen et al. 1995, ApJ, 452, L5).

Preliminary analysis indicates that this source was in an elevated gamma-ray
emission state on 2024 October 5, with a daily averaged gamma-ray flux
(E>100MeV) of (10.4+/-0.5) x 10°-6 photons cmA-2 sA-1 (statistical uncertainty
only), corresponding to a flux increase of a factor of about 20 relative

to the average flux reported in the fourth Fermi-LAT catalog (4FGL-DR4).

The photon index is 1.9 +/- 0.1, corresponding to a significantly harder
spectrum than the 4FGL catalog value of 2.13 +/- 0.01. The spectral hardening
resulted in the detection of nine high-energy (E > 10 GeV) photons, having
probability to be associated with the source larger than p = 0.999, the

highest energy of which was close to 180 GeV. We have previously reported
enhanced activity from this source in ATels #15688, #14330 and #14072.

Because Fermi normally operates in an all-sky scanning mode, regular gamma-ray

monitoring of this source will continue. Preliminary light curves for BL

Lacertae can be accessed via the Fermi-LAT Monitored Source List at <a
href="https://fermi.gsfc.nasa.gov/ssc/data/access/lat/msl_lc/source/BL_Lac">https:/ffermi.gsfc.nasa.gov/ssc/data/access/lat/msl_|c/source/BL_Lac</a>;

and via the Fermi-LAT Light-Curve Repository at <a href="https://fermi.gsfc.nasa.gov/ssc/data/access/latlcr/source.htmi?source name=4FGL_J2202.7+4216">https://fermi.gsic.nasa.gov/ssc/data/access/lat/icr/source.html?
source_name=4FGL _J2202.7+4216</a>.

We encourage multifrequency observations of this source. For this source,

the Fermi-LAT contact person is Simone Garrappa (simone.garrappa at desy.de).

The Fermi-LAT is a pair conversion telescope designed to cover the energy

band from 20 MeV to greater than 300 GeV. It is the product of an international
collaboration between NASA and DOE in the U.S. and many scientific institutions
across France, Italy, Japan and Sweden.

Password Certification: Janeth Valverde (valverde @lir.in2p3.r)
https:/iwww.astronomerstelegram.org/?read=16849
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Current outburst of BL Lacertae

Preliminary analysis indicates that this source was in an elevated gamma—-ray emission state
on 2024 October 5, with a daily averaged gamma-ray flux (statistical uncertainty only),
corresponding to a flux increase of a factor of about 20 relative to the average flux
reported in the fourth Fermi—LAT catalog (4FGL-DR4).

Utilizing the LHAASO-WCDA real-time alert system, here we report the detection of a TeV
gamma—ray flare from AGN BL Lacertae. LHAASO-WCDA observed a gamma—-ray flux enhancement from
the active galactic nuclei BL Lacertae, commencingat MJD 60588. 43.

The VERITAS (Very Energetic Radiation Imaging Telescope Array System) detection of very—high-
energy (VHE; E> 100 GeV) flaringactivity in BL Lacertae.

The Large Array Survey Telescope (LAST)




Current outburst of BL Lacertae

e Swift observations (ID 21169, 21248), which were performedon Sep 24, 25, 26,
and Oct b, 6, 7, 2024.

e Date, v, B, U,
Sep 24, 14.18 (+/-0.05), 15.07 (+/-0.04), 14.79 (+/-0.05),
Sep 25, 13.84 (+/-0.04), 14.59 (+/-0.03), 14.19 (+/-0.04), 14.87 (+/-0.05),
Sep 26, 14.42 (+/-0.04), 15.27 (+/-0.04),
Oct 5, 12.80 (+/-0.03), 13.55 (+/-0.03), 13.04 (+/-0.03),
Oct 6, 13.79 (+/-0.03), 14.54 (+/-0.03), 14.08 (+/-0.03),

Oct 7, 13.87 (+/-0.03), 14.71 (+/-0.03), 14.26 (+/-0.03).
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e BL Lacertae observations of 1m6 on October 17,18, 20, and 21
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Current outburst of BL Lacertae

Based on a large number of detectors, the full-band spectrum covering from radio to gamma-ray bands can be obtained.
The SED spectrum in logarithmic space allows for an intuitive observation of the spectral properties across various
bands, thereby facilitating the analysis of related physical mechanisms.

The energy spectrum of blazars features two peaks: the low—energy peak spanning from radio to ultraviolet bands, and
the high—energy peak ranging from X-rays to high—energy gamma rays.

The spectral energy distribution (SED) of blazars is divided into two parts: The first part peaks in the radio to X-
ray bands, possibly explained by synchrotron radiation from relativistic electrons; the second part peaks in the X-
ra{ to gamma—ray bands, mainly attributed to inverse Compton scattering of low—energy photons by extremely

ativistic electrons.
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