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1 Introduction

The Hertzsprung-Russell (HR) diagram serves as a fundamental tool in astro-
physical research, facilitating the exploration of stellar evolution dynamics. 
This diagram, which delineates the relationship between stellar luminosities 
and temperatures, provides a comprehensive representation of various stages 
in stellar life cycles.

The focus of this study is on the observations of two distinct astronomical 
entities, M20 (the Trifid Nebula) and M7 (the Ptolemy C luster). M20, a star-
forming region, presents a unique opportunity to scrutinize the initial stages 
of stellar formation. Conversely, M7, an open cluster abundant with bright 
stars, enables the observation of stars that are in more advanced stages of 
their evolutionary trajectory. The objective of plotting these stars on the 
HR diagram is to elucidate the progression and influencing factors of stellar 
evolution.

The current research landscape in the study of the Hertzsprung-Russell 
(HR) diagram and stellar evolution is characterized by a multifaceted ap-
proach that combines various observational techniques and theoretical mod-
els. For instance, Monteiro’s work on ”Asteroseismology across the HR di-
agram” [6]underscores the importance of integrating asteroseismology with 
high precision spectroscopy to gain a nuanced understanding of stellar struc-
ture and evolution across the HR diagram. This is complemented by the 
study by Ramirez et al., ”Granulation across the HR diagram,” [9] which 
emphasizes the need for ultra-high quality spectra and the application of 
stellar surface convection models to interpret stellar properties accurately. 
Meanwhile, Humphreys’ ”The Complex Upper HR Diagram” [4] highlights 
the complexities inherent in interpreting HR diagrams, particularly for the
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most luminous stars, underscoring the importance of meticulous analysis.
Adding another layer of complexity, Eyer and Mowlavi’s ”Variable stars
across the observational HR diagram” [3] discusses the distribution and sig-
nificance of variable stars in understanding stellar structure and evolution.
Lastly, Kurtz’s ”Asteroseismology and the HR diagram” [5] reiterates the
pivotal role of asteroseismology in studying stars across the HR diagram.
Collectively, these studies provide a comprehensive backdrop for the current
project, which leverages photometry and color indices to study stars in M7
and M20, contributing to the broader understanding of stellar evolution.

Figure 1: An illustrative Hertzsprung-Russell (HR) diagram sourced from
Wikipedia. The diagram presents a color-coded scatter plot with the B-V color
index on the x-axis and the B magnitude on the y-axis. The B-V color index
serves as a proxy for the effective temperature of stars, allowing for the categoriza-
tion of stars into different stages of their life cycles. This classic representation of
the HR diagram provides a comprehensive overview of stellar evolution. [10]

The observations were conducted using the Las Cumbres Observatory
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(LCO), leveraging its capabilities for remote and automated observations.
The observation window for M20 and M7 was ascertained using the calculator
on the LCO website. Subsequently, images obtained in the B and V bands
were processed using the astropy.io package for photometry, and the HR
diagram was generated employing the color index method.

The significance of this research transcends academic interest. Compre-
hending stellar evolution is integral to understanding the universe. Stars,
as the building blocks of galaxies, play a crucial role in the distribution of
elements throughout the universe. Furthermore, the study of stars and their
evolution is inherently linked to the search for exoplanets and the pursuit
of extraterrestrial life. Refining our understanding of stars enhances our
capability to identify potential life-harboring planets.

While this research may appear to traverse well-trodden paths, it is the
continuous refinement and revalidation of our understanding of such funda-
mental topics that fortify the foundation of astrophysics. The incorporation
of modern techniques and technologies in this study contributes to this on-
going process.

Future research directions include delving deeper into specific aspects of
stellar evolution. The data fromM20 could be further analyzed to understand
the intricacies of stellar formation, while the bright stars of M7 could be
studied to explore later stages of stellar life cycles. The quest to understand
the stars is far from complete, and each step forward brings us closer to
deciphering the mysteries of the universe.

3



Figure 2: Color composite images of M20 (the Trifid Nebula, right) [7] and M7 (the
Ptolemy Cluster, left) [11]. M20, a vibrant star-forming region, and M7, an open
cluster abundant with bright stars, represent different stages of stellar evolution.
The images, captured through multiple filters, reveal the diverse stellar population
within these astronomical entities. The varying colors of the stars, indicative of
their different temperatures, offer a rich field for the study of stellar life cycles.
These images form the basis for their representation on the Hertzsprung-Russell
(HR) diagram, enhancing our understanding of stellar evolution

2 Methods

The methodology employed in this study encompasses both theoretical and
observational approaches, with the aim of ensuring the reproducibility of the
results.

2.1 Theoretical Methods

The theoretical foundation of this study is based on the principles of stellar
evolution and the construction of the Hertzsprung-Russell (HR) diagram.
The HR diagram is a scatter plot that represents the relationship between the
luminosities and temperatures of stars, providing a comprehensive overview
of various stages in stellar life cycles.

A key theoretical method employed in this study is the color index method.
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This method is based on the principle of black body radiation, which states
that stars emit light at different wavelengths and intensities depending on
their temperature. By measuring the magnitude of stars in different wave-
length bands, we can determine the color of the star, which serves as a proxy
for its temperature. Bluer stars, which have a lower color index, are hotter,
while redder stars, with a higher color index, are cooler. This method allows
us to plot the stars on the HR diagram based on their color indices.

B(λ, T ) =
2hc2

λ5

1

e
hc

λkT − 1
(1)

This study also employs the use of Sloan Digital Sky Survey (SDSS) filters
to calculate color indices. The central wavelength and full width at half
maximum (FWHM) of the SDSS filters were used, assuming a unit response
within the range of the central wavelength plus or minus the FWHM/2,
and zero response otherwise. The stars were assumed to obey black body
radiation, and the flux for each band at a given temperature was calculated
through integration. The flux was then used to calculate the magnitude, and
the difference in magnitude between each band was used to calculate the color
indices. This method provides a more detailed and accurate representation
of the color and temperature of the stars, enhancing the precision of the HR
diagram. Importantly, the zero point temperature was set to be 10800K in
this study, providing a reference point for the calculation of color indices.
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Figure 3: Plot of color indices versus temperature for various bands (u-b, b-v, v-r,
and r-i), each represented in a distinct color. The x-axis represents the tempera-
ture, while the y-axis represents the color indices. This plot provides a comprehen-
sive view of the relationship between stellar temperature and color indices across
different bands. The trend lines illustrate the correlation between increasing tem-
perature and decreasing color index, consistent with the principles of black body ra-
diation. This graphical representation aids in understanding the color-temperature
relationship, a fundamental aspect in the construction of the Hertzsprung-Russell
(HR) diagram.

The color index versus temperature plot generated in this study adheres
to the principles of black body radiation and Wien’s displacement law. The
color index, a measure of the difference in magnitude between two different
wavelength bands, serves as a quantifiable representation of a star’s color,
which is directly correlated to the star’s temperature.

As per Wien’s displacement law, the peak wavelength of the radiation
emitted by a black body is inversely proportional to its temperature. Con-
sequently, a star with a higher temperature emits more light in the shorter
(bluer) wavelength bands, resulting in a lower magnitude in the blue band
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compared to the red band. This leads to a lower (or more negative) color
index. Conversely, a star with a lower temperature emits more light in the
longer (redder) wavelength bands, resulting in a higher color index.

Figure 4: This plot [1] illustrates the spectral intensity of black body radiation as a
function of frequency for various temperatures. The curves represent the Planck’s
law prediction, showing that as the temperature increases, the peak of the black body
radiation curve shifts to higher frequencies. This phenomenon is known as Wien’s
Displacement Law. The area under each curve also increases with temperature,
indicating a greater total energy emission, as described by the Stefan-Boltzmann
Law.

The observed trend of a decreasing color index with an increasing tem-
perature in the plot aligns with these principles, reinforcing the validity of
the color index method employed in this study.

2.2 Observational Method

The observational data for this study were acquired using the 0.4m class
telescopes in the Las Cumbres Observatory (LCO) network. The LCO net-
work comprises a global array of robotic telescopes that can be remotely
controlled, providing the capability for continuous observations across differ-
ent time zones. The 0.4m telescope is equipped with an SBIG CCD camera,
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which is sensitive across the optical wavelength range, making it suitable for
capturing images in the B and V bands. The telescope also has a set of
standard Johnson-Cousins filters, which were used to obtain the B and V
band images required for the color index method.

The observation window for M20 and M7 was determined using the LCO’s
observation portal [8], which provides a calculator for determining the opti-
mal observation times based on the target’s coordinates and the desired date
range.

Figure 5: Observation windows for M7 (the Ptolemy Cluster, left) and M20 (the
Trifid Nebula, right) calculated using the Las Cumbres Observatory (LCO) tool.
The plots depict the optimal time periods for observing these astronomical entities,
taking into account factors such as their celestial coordinates and the observer’s
location. The observation windows are crucial for planning the data acquisition
process, ensuring the collection of high-quality images for subsequent analysis and
the construction of the Hertzsprung-Russell (HR) diagram.

The raw images obtained from the observations underwent a pre-processing
stage to correct for instrumental effects. This included bias subtraction, dark
current correction, and flat fielding, which are standard procedures in CCD
image processing. In addition, background subtraction was performed to
reduce errors from background noise.

The pre-processed images were then used for photometric analysis. The
photometric analysis was conducted using the astropy.io package, a Python
library for astronomy and astrophysics. This package provides tools for han-
dling astronomical data formats, performing astronomical calculations, and
conducting image processing and data analysis.

The specific steps in the photometric analysis included source detection
on the images, aperture photometry to measure the brightness of the de-
tected sources, and the calculation of the color index for each source. The
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color index, obtained by subtracting the V band magnitude from the B band
magnitude for each source, was then used to plot the sources on the HR
diagram.

2.3 Photometry Procedure

The photometry procedure implemented in this study incorporated several
Python packages, including astropy.io, astroalign, and photutils, to facilitate
the identification of stellar positions, the measurement of stellar brightness,
and the calculation of color indices.

Initially, the visibility of the images was adjusted utilizing the PercentileIn-
terval function in astropy.io, which set the vmin and vmax values to delineate
the range of pixel values displayed in the image.

Subsequently, the images in the B and V bands were aligned employ-
ing the register function in the astroalign package, ensuring consistent star
comparison when calculating the color index.

Background noise in the images was estimated via the mad std function
in astropy.stats. This value informed the threshold for star detection in the
DAOStarFinder function in the photutils package, with the threshold set to
15 times the background noise to ensure detection of significant sources only.
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Figure 6: Results of the DAOStarFinder algorithm applied to the B band and
V band images of M7 (the Ptolemy Cluster, upper) and M20 (the Trifid Nebula,
lower). The plots illustrate the detected stars within these astronomical entities, as
identified by the algorithm. The varying densities and distributions of the detected
stars reflect the distinct stellar populations within M7 and M20.

Background subtraction was conducted using the MedianBackground and
Background2D functions in astropy.io, with a box size of (70, 70) and a filter
size of (25, 25). The box size represents the area affected by each star, while
the filter size is proportional to the estimated size of the stars, reducing the
impact of background noise on the photometric measurements.
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Figure 7: Background subtracted images of M7 (the Ptolemy Cluster, left) and M20
(the Trifid Nebula, right) with a PercentileInterval set to 99. The subtraction of
the background noise enhances the visibility of the stars and other celestial features
within these astronomical entities. The images reveal the rich stellar population
within M7 and M20, each representing different stages of stellar evolution.

Aperture photometry was performed using the aperture photometry func-
tion and the CircularAperture class in the photutils package, measuring the
flux of the detected stars in units of electrons.

A bright, isolated star was selected as a reference star for the conversion of
flux measurements to magnitudes. The reference star was selected by sorting
all the stars by brightness and then defining a function to check the distance
to the closest star for each star. This process ensured the selection of the
brightest isolated stars, which are less likely to be false positives from the star
finder function. The magnitude of the reference star was measured without
blending with other stars. The color index for each star was then calculated
by subtracting the V band magnitude from the B band magnitude.

The pixel coordinates of the stars were converted to Right Ascension (RA)
and Declination (DEC) using the pixel to world function in the World Coor-
dinate System (WCS) of astropy.io. The RA and DEC coordinates were then
used to search the SIMBAD [2]astronomical database for the magnitudes of
the reference star in the B and V bands.

The conversion from flux to magnitude was performed using the equation:

m = −2.5log(
f

f0
) +m0 (4)

where f is the flux of the star, f0 is the flux of the reference star, and m0

is the magnitude of the reference star.
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The Python packages used in this procedure, particularly the photutils
package, were instrumental in automating the star detection and photometry
processes. Given the large number of stars in each image, manual aperture
drawing would have been impractical.

3 Results

The results of this study are presented in a structured format, incorporating
tables, plots, and figures to facilitate comprehension.

3.1 Data Presentation

The primary data from this study are presented in the form of a Hertzsprung-
Russell (HR) diagram, which plots the color indices of the observed stars
against their magnitudes. The color indices, calculated by subtracting the
V band magnitudes from the B band magnitudes, serve as a proxy for the
stars’ temperatures, while the magnitudes represent their luminosities.

Figure 8: Hertzsprung-Russell (HR) diagrams for M7 (the Ptolemy Cluster, left)
and M20 (the Trifid Nebula, right). The diagrams plot the B magnitude (y-axis)
against the B-V color index (x-axis) for the stars within these astronomical entities.
The color coding represents the effective temperature of the stars, with cooler stars
appearing redder and hotter stars appearing bluer. The distribution of stars in these
diagrams reflects the distinct stellar populations within M7 and M20, providing
insights into their respective stages of stellar evolution

In addition to the HR diagrams, tables of the raw photometric data are
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also provided. These tables include the pixel coordinates of each star, the B
and V band magnitudes, the calculated color index, and the associated errors
for each measurement. It should be noted that there are a few empty entries
in the photometry tables. These empty entries are indicative of false positives
from the DAOStarFinder algorithm, highlighting the inherent challenges in
automated star detection and the need for careful data validation.

Figure 9: An excerpt from the photometry table generated from the observations of
M7. The table includes the following columns: ’id’ for the identification number of
the star, ’xcenter’ and ’ycenter’ for the pixel coordinates of the star in the image,
’aperture sum’ for the total flux within the photometric aperture, ’magnitude’ for
the calculated stellar magnitude, ’aperture sum error’ for the estimated error in
the total flux, ’magnitude error’ for the propagated error in the stellar magnitude,
’color index’ for the B-V color index, and ’effective temperature’ for the estimated
effective temperature of the star derived from the color index.

3.2 Error Analysis

The error analysis in this study involves both statistical and systematic con-
siderations. The statistical errors are derived from the Poisson statistics of
the photon counts. The Poisson distribution is a discrete probability distri-
bution that expresses the probability of a given number of events occurring
in a fixed interval of time or space. In the context of this study, the events
are the detection of photons by the telescope. The probability mass function
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of a Poisson distribution is given by:

P (N ;λ) =
e−λλN

N !
(5)

Where N is the number of events (in this case, the number of photons
detected),λ is the average rate of value (mean number of photons detected).
The standard deviation of a Poisson distribution is the square root of the
mean, which in this case is the number of photons detected, represented by
N. Therefore, the statistical error within the aperture, σN ,is given by

√
N .

σN =
√

N + n× σ2
bg (6)

In this equation, N is the aperture sum in unit of electrons, n is number
of pixels in the aperture, and σbg is the standard deviation of the background
noise. And error in magnitude is calculated using:

σm = 2.5
σN

N ln(10)
(7)

Figure 10: Hertzsprung-Russell (HR) diagrams for M7 (the Ptolemy Cluster, left)
and M20 (the Trifid Nebula, right) with error bars. The diagrams plot the B
magnitude (y-axis) against the B-V color index (x-axis) for the stars within these
astronomical entities. The error bars represent the uncertainties in the B magni-
tude and B-V color index measurements, reflecting the inherent uncertainties in
photometry and color index calculation.

Instrumental errors in this study could arise from several sources, primar-
ily linked to the assumptions made during the observational and data analysis
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processes. The use of the Las Cumbres Observatory (LCO) telescope, while
providing high-resolution images, may also introduce uncertainties due to
instrumental limitations. For instance, the telescope’s sensitivity across dif-
ferent wavelengths, alignment of the optical components, and the precision
of the tracking system could all contribute to the overall instrumental error.

The choice of filters, specifically the Sloan Digital Sky Survey (SDSS) and
Bessel filters, also plays a significant role in determining the accuracy of the
photometric measurements. The transmission characteristics of these filters,
their alignment, and their calibration could introduce systematic errors into
the measurements.

The method of propagating color indices in this study is based on the
assumption that all stars obey the laws of black body radiation. This as-
sumption allows for the calculation of the flux in each band at a given tem-
perature, which is then used to calculate the magnitudes and color indices.
However, real stars do not strictly adhere to the laws of black body radiation
due to various factors such as stellar atmospheres and spectral lines, which
could introduce systematic errors into the color index calculations.

Additionally, the transmission function, s(λ), for the SDSS and Bessel
filters was approximated as a box function, with a value of 1 within the central
wavelength ± FWHM/2 region and 0 outside. This approximation simplifies
the calculations but may not accurately represent the actual transmission
characteristics of the filters, potentially leading to further systematic errors
in the photometric measurements.

Furthermore, during the photometry process, it was assumed that all the
light within the aperture comes from a single star. This assumption could
lead to overestimation of the star’s brightness if there are other faint stars
within the aperture or if the star’s light is scattered due to atmospheric or
instrumental effects. This could, in turn, affect the calculated magnitudes
and color indices, introducing further uncertainties into the construction of
the HR diagram.

Overall, while every effort was made to minimize these errors and uncer-
tainties, their potential impact on the results of this study should be acknowl-
edged. Future improvements could include refining the photometry process,
using more precise filters, and incorporating more sophisticated models for
stellar radiation into the color index calculations.
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3.3 Data Interpretation

The data obtained from this study provide insights into the stellar popula-
tions of M20 and M7 under the current astrophysical framework. The HR
diagram reveals the distribution of stars in different stages of their life cycles,
with hotter, more luminous stars located towards the top left of the diagram
and cooler, less luminous stars towards the bottom right.

The data from M20, a star-forming region, show a significant population
of hot, luminous stars, indicative of ongoing star formation. Conversely,
the data from M7, an open cluster, show a broader distribution of stars,
suggesting a more mature stellar population.

The HR diagram generated from the data exhibits the expected shape,
with data points extending from the bottom right to the top left. This
pattern is consistent with the theoretical HR diagram, providing validation
for the observational and data analysis methods used in this study.

Specifically, the HR diagram for M7 shows a clear linear relationship
between the B magnitude and the B-V color index, which is consistent with
the expected distribution of stars in an HR diagram. This suggests that the
stars in M7 are at a similar distance, supporting the assumption of M7 being
a relatively homogeneous open cluster.

In contrast, the HR diagram for M20 does not show as strict a linear
relationship, which could indicate a variation in the distances of the stars.
This is consistent with M20 being a nebula, where stars are in different stages
of formation and may not be at the same distance.

The Spearman rank correlation coefficients for M7 and M20 are 0.433 and
0.468 respectively. Despite the higher coefficient for M20, visual inspection of
the Hertzsprung-Russell (HR) diagrams suggests a stronger linear relation-
ship for M7. This discrepancy can be attributed to the presence of outliers
in the data. The Spearman rank correlation coefficient is a non-parametric
measure of correlation, meaning it captures the monotonic relationship be-
tween variables, not necessarily linear. It is also less sensitive to outliers
compared to the Pearson correlation coefficient. However, in this case, the
outliers in the M20 data might have influenced the ranks of the data points,
leading to a higher Spearman correlation coefficient. This highlights the im-
portance of considering both statistical measures and visual data inspection
in data analysis. It also underscores the need for careful data cleaning and
outlier detection in astrophysical studies.

Upon removing the outliers with color indices smaller than -1, the Spear-
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man rank correlation coefficients for M7 and M20 were recalculated to be
0.513 and 0.495, respectively. This adjustment in the correlation coefficients
aligns more closely with the visual inspection of the Hertzsprung-Russell
(HR) diagrams, which suggested a stronger linear relationship for M7. This
outcome supports the initial hypothesis that the discrepancy between the
visual inspection and the correlation test results was due to the influence
of outliers in the data. The adjustment of the correlation coefficients af-
ter outlier removal underscores the impact outliers can have on statistical
measures of correlation. It also highlights the importance of thorough data
cleaning and outlier detection in ensuring the accuracy of statistical analyses
in astrophysical studies.

4 Discussion

The research conducted in this study contributes to the broader understand-
ing of stellar evolution, as represented in the Hertzsprung-Russell (HR) dia-
gram. By observing and analyzing the stellar populations of M20 and M7,
this study provides insights into different stages of stellar life cycles, from the
early stages of star formation in M20 to the more mature stellar population
in M7.

One of the key implications of this research is the potential difference
in the stages of stellar evolution in clusters and nebulae. The HR diagram
for M7, an open cluster, shows a clear linear relationship between the B
magnitude and the B-V color index, suggesting a relatively homogeneous
population of stars at similar stages of evolution. In contrast, the HR diagram
for M20, a nebula, shows a less strict linear relationship, which could indicate
a variation in the distances and thus the stages of formation of the stars. This
finding suggests that the assumption of stars in a nebula being at the same
distance may not always hold, which has implications for the interpretation
of HR diagrams for nebulae and the understanding of stellar evolution in
different environments.

Despite these insights, the study has some limitations. The observational
data were obtained using a 0.4m telescope, which may not have the resolution
to detect fainter stars or resolve closely spaced stars. Additionally, the star
finder function and the background noise estimator used in the data analysis
may have introduced errors into the photometric measurements and the re-
sulting HR diagrams. These functions assumed all the stars in the image to
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have the same size, which may not be accurate and could contribute to the
errors.

Given these limitations, future research could benefit from the use of
more powerful telescopes and more sophisticated data analysis methods. For
example, adaptive optics could be used to improve the resolution of the
images, and machine learning algorithms could be employed to enhance the
accuracy of the star finder function and the background noise estimator.
Furthermore, the assumptions about the size of the stars could be refined to
improve the accuracy of the photometric measurements.

The findings from this study could also inform future research into specific
aspects of stellar evolution. For instance, the data from M20 could be further
analyzed to understand the nuances of stellar formation in nebulae, while the
data from M7 could be used to explore the evolution of stars in open clusters.
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