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Data processing steps
• 1.Original 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:



Data processing steps

• 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 the input image, and subsequently fills this value into the corresponding 
position on the output image.

• 2.Flux Calibration: Due to impacts such as instrumental effects, weather variations, or 
atmospheric changes (e.g., atmospheric refraction, turbulence, telescope gravitational 
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 adding the zero point, the results with and without flux calibration are identical.

• The above figure shows the light curve without adding the zero point after flux calibration, while 
the below figure shows the light curve with the zero point added but without flux calibration. The 
root mean square error between the two light curves is 0.001507642.



Data processing steps
• Image 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
• 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.



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.

• 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.

• 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.



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

• 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

• 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 

is provided.















Data Processing Comparison

• Based on the results, there is a very small difference in the daily 
average magnitudes between my processing and the processing from the 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 1m6 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.
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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

• Swift observations (ID 21169, 21248), which were performedon Sep 24, 25, 26, 
and Oct 5, 6, 7, 2024. 

• 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).



• BL Lacertae observations of 1m6 on October 17,18,20,and 21



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-
ray to gamma-ray bands, mainly attributed to inverse Compton scattering of low-energy photons by extremely 
relativistic electrons.


