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ABSTRACT

ISOCHRONAL ANALYSIS OF OPEN STAR CLUSTER

BERKELEY 43

Roberta Bonnell

Department of Physics and Astronomy

Bachelor of Science

Berkeley 43 is selected as a research subject due to a lack of consensus on

its distance, age, and extinction in previous studies. Data for the cluster is

obtained through images of Berkeley 43 and from Early Data Release 3 of the

European Space Agency’s Gaia telescope. After analysing data, the results

are compared across methods and to the results from previous studies.
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Chapter 1

Introduction

The lifespan of a star is immense. Even stars with comparatively short lives

could have formed when modern humans started walking around on Earth and will

keep on living after humanity has gone through that span of time again, and again, a

dozen times over. The only way astronomers can hope to understand the life-cycle of

such long-lived structures is to carefully observe as many stars as possible, tracking

similarities and differences to puzzle out properties of these distant giants.

Because of decades integrating numerous observations, we know stars begin their

lives as molecular clouds which collapse due to gravity until the pressures become so

great fusion begins, a process which can happen thousands of times in the same cloud.

Occasionally, stars will remain in close proximity and be gravitationally bound to

other stars formed in their stellar nurseries. These gravitationally bound collections of

stars will have similar compositions because they are formed from the same collection

of gas and dust. Open clusters also have similar ages because star formation is rapid in

comparison to the lifetime of a star [1]. There are two different types of star clusters,

globular clusters and open star clusters (the latter of which this paper focuses on).

Open star clusters, are typically found within the galactic disk (looking out from

1
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Figure 1.1 Pleiades star cluster as imaged by Davide De Martin & the
ESA/ESO/NASA Photoshop FITS Liberator

the center of the galaxy), have a diameter less than 30 light-years, and contain a

few dozen to a few hundred stars. A prominent example of an open star cluster is

the Pleiades star cluster, shown in Figure 1.1 [2]. Open clusters also have a clear

separation between the stars they contain, making it possible to measure the light

from each star in a variety of filters, plot them in color-magnitude diagrams, and

match them to an isochrone to determine properties of the cluster.

It would be wise to take a moment and explain the terms from the previous

paragraph. A color-magnitude diagram gives a snapshot of an objects Black-body
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Figure 1.2 Isochrones of varying ages plotted on a V-I color-magnitude
diagram

radiation curve. Rather than going to the expense of having filters and sensors for

every wavelength of light, specific wavelengths are carefully measured. By comparing

the magnitude of light in different wavelengths an objects black body radiation curve

can be extrapolated which dictates its temperature. One of the models plotted on

color-magnitude diagrams is an isochrone. An isochrone holds chemical composition

and age constant while varying mass which creates a curve [3]. Now knowing the

traits of an isochrone and recalling the traits of an open star cluster, it is apparent an

open star cluster is a naturally occurring isochrone. An example of several isochrones

traced on a V-I color-magnitude diagram is shown in Figure 1.2 [4].

An isochronal analysis of an open star cluster determines its age, distance, metal-

licity, and extinction (the amount of dust between Earth and the cluster) [5]. This
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wealth of information is why open star clusters are a favorite object of study in

astronomy.

This research seeks to clarify results of a previously studied open star cluster,

Berkeley 43. Data on the cluster is obtained by measurements of images and the

ESA’s Gaia telescope Early Data Release 3 (EDR3)a. Through analysis of the data

the distance, age, and extinction are found. Results are compared across methods as

well as to the results from previous studies.



Chapter 2

Methods and Procedure

Owing to the abundance of resources available for researching open star clus-

ters the process is lengthy. The process requires the selection of a research subject,

or subjects, assuring they meet parameters set by the instrumentation used. The

next step is getting clear images, which may require taking sets of images multiple

times. Finally, you can analyze images taken with a suite of software. In the case of

this research Aladin [6] was used for initial visual inspection of prospective clusters,

AstroImageJ [7] was used for measuring the brightness of stars, and Pysochrone [8]

was used to match the measurements from AstroImageJ to an appropriate isochrone.

This research will also use data from the European Space Agency’s (ESA) Gaia [9]

telescope, shown in Figure 2.1 [10].

Time constrained research in astronomy requires the subject is located in a par-

ticular portion of the sky. Declination is how far to the North or South a celestial

object is located and this value is limited only by the location of the instrumentation

used. A network of telescopes, such as the one available through the Las Cumbres

Observatory (LCO) network, allows for any value, whereas a telescope located in the

Northern hemisphere, such as the 0.91 m telescope at West Mountain Observatory

5
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Figure 2.1 An image of the ESA’s Gaia telescope, as provided by their
website

(WMO), needs objects located in the Northern sky. Right ascension is the East-West

location of celestial objects, and only about half of the night sky is visible from Earth

at a particular time. This project took place from about June to August, meaning

the open star cluster selected needed to have a right ascension between 200° and 360°

(or 0°).

After finding open star clusters in the correct area of sky, verifying it is sufficiently

bright and distinct for the telescope to discern is the next step. Aladin is an excellent

tool for preliminary visual observations, as it is free software and contains numerous

sky survey catalogues. The open cluster should be relatively separated from field

stars, and clear when viewed in the same area the telescope will see (in this case

the WMO 0.91 m telescope and LCO 0.4 m telescopes both have a viewing area

of approximately 25 arcminutes square). For this project, Berkeley 43 was selected

because it met each parameter, and a literary search did not indicate a clear consensus

or abundance of previous research.
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Originally, a 0.4 m telescope from the LCO network was going to be used, and

preliminary images were obtained using this network. Figures 2.2, 2.3, 2.4, and 2.5

are the images taken with the LCO 0.4 m telescope in Chile (Figure 2.6) [11] with

exposure times of 300 seconds for the B and V filters, and 125 seconds for R and

I filters. Sadly, the images do not have the clarity needed to analyze Berkeley 43,

making the use of a larger telescope necessary.

Figure 2.2 Berkeley 43 in the B filter, taken with 0.4 m LCO telescope

Figure 2.3 Berkeley 43 in the V filter, taken with 0.4 m LCO telescope

Mike Joner, of Brigham Young University, took images and performed initial pro-

cessing on them, using the 0.91 m telescope at WMO, shown in Figure 2.7 [12].
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Figure 2.4 Berkeley 43 in the R filter, taken with 0.4 m LCO telescope

Figure 2.5 Berkeley 43 in the I filter, taken with 0.4 m LCO telescope

This telescope uses a Finger Lakes PL-09000 CCD (which is a sensor with 12 µm

pixels in a 3056x3056 array, 0.49”/pixel, and a 25.2’ x 25.2’ field of view as men-

tioned previously), and, using these properties, images of Berkeley 43 were taken in

the Johnson/Cousins filters of B (blue), V (visual), R (red), and I (infrared), with

exposure times of 300 s each. A plot of the wavelengths of light detected by the John-

son & Cousins filters is shown in Figure 2.8 [13]. Images were taken on 2021-06-29,

2021-07-06, 2021-07-07, 2021-07-10, and 2021-07-18.

Performing manual photometry (measuring light from a source) is not ideal, but
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Figure 2.6 Image of the 0.4 m LCO telescope in Chile

with adequate time, it can still be effective for smaller clusters like Berkeley 43.

Placing a grid overlay on a reference image of the cluster makes it more manageable

and easier to match stars across filters. With this small step complete, photometry

is as simple as using AstroImageJ to measure the number of photons recorded by

the telescope’s sensor for each star in the cluster and in each filter. In order to

best accommodate the variety of stars present in Berkeley 43, the aperture settings

were 8”, 12”, and 15”. Each star was measured separately in each filter, resulting in

approximately one thousand individual measurements. The counts can be recorded

using the extended Excel sheet provided by Our Solar Sibling’s “Open Star Cluster”

class.

With the photometry completed, a reference star adds context to the counts

recorded by the telescope’s sensor. Aladin is an ideal tool for locating such a ref-

erence star. Looking at Berkeley 43 once more and overlaying a catalogue containing

the magnitudes for stars in each filter (B,V,R, and I), a star with well recorded mag-

nitudes in each filter can be found to use as a point of comparison (TYC 1045-934-1
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Figure 2.7 0.9 m telescope located at WMO
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Figure 2.8 A plot of the Johnson & Cousins filter bands, with the wavelength
plotted against how well the filter picks up the wavelength

works well for Berkeley 43).

After establishing the magnitude of each star in each filter, color-magnitude di-

agrams for the filter pairs can be populated, and the final step is simply adjusting

the extinction, E(B-V), and the distance modulus (m-M) in Pysochrone, the program

provided by Our Solar Siblings to fit isochrones. An exhaustive analysis can populate

ten separate color-magnitude diagrams in Pysochrone, the four filters used in this

research populated only one, shown in Figure 2.9.

Using the distance predicted by Pysochrone as a starting point and adding gener-

ous margins, stars within a 15 arcminute radius of the center of Berkeley 43 are used

in this analysis of Gaia data. An attempt was made to populate the color-magnitude

diagrams for Pysochrone using these data. Unfortunately Pysochrone made use of

different filters than are available in Gaia’s EDR3 [14] (EDR3), meaning nothing of

value was found using color-magnitude data from Gaia in this research.
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Figure 2.9 Populated graphical output of Pysochrone program for manual
photometry

Gaia’s EDR3 has other information which can be used to find an estimation for

distance to an open star cluster. Its catalogue contains values for proper motion and

parallax [15] (the way the star is physically moving through space and the distance to

the star respectively). Figure 2.10 is a plot of the proper motion for right ascension

and declination and it shows a grouping of stars moving in the same general direction.

By limiting the right ascension and declination proper motions to a range encompass-

ing the clustered area of Figure 2.10, a histogram of the distances to stars fitting these

parameters can be created, and such a graph is shown in Figure 2.11. There is a clear

gap in star population in the ranges of 894 to 904 parsecs and from 1264 to 1274

parsecs, which suggests Berkeley 43 is somewhere between the two ranges (from 904

to 1264 parsecs). By taking the average of the distances in this limited group, a value

for the distance to Berkeley 43 comes forth from the sea of data.
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Figure 2.10 Proper motion for right ascension plotted against the proper
motion for declination, as recorded by Gaia

Figure 2.11 Distance to stars (in Parsecs) in the region of Berkeley 43 after
accounting for proper motion, as recorded by Gaia



Chapter 3

Results

Using the 0.91 m telescope at the WMO, the images of Berkeley 43 in the B,

V, R, and I filters (shown in Figures 3.1, 3.2, 3.3, 3.4) are of sufficient quality for

analysis. Figure 2.9 was the only graph populated in Pysochrone based on the data

from the images taken at the WMO. It being the only graph populated, it was also

the only point of reference with which to match an isochrone, which may be a source

of error for this analysis.

Figure 3.1 Image of Berkeley 43 in the B filter from the WMO

14
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Figure 3.2 Image of Berkeley 43 in the V filter from the WMO

Figure 3.3 Image of Berkeley 43 in the R filter from the WMO

Figure 3.4 Image of Berkeley 43 in the I filter from the WMO



16

Table 3.1 A comparison of results from this paper, Tadross, and Subrama-
niam

Comparison of results

Primary author Distance (pc) Age (Gyr) E(B− V ) (mag)

Tadross 1355 ± 60 0.4 1.52

Subramaniam 1030 ± 100 0.3 2.3

Bonnell 1100 ± 100 0.5 1.15

Data from Pysochrone, shown in Figure 2.9 indicates Berkeley 43 has an extinc-

tion of E(B − V ) = 1.15 and is 108.7 years old (or approximately 500 million years

old). Data from Gaia indicates Berkeley 43 is located at 1100 ± 100 parsecs, and

Pysochrone agrees, calculating a distance modulus of 10.25 (or approximately 1120

parsecs). These data generally agree with the data from Tadross (2008) [16] and

Subramaniam (2010) [17], as shown in Table 3.1. Due to the variability in results,

further study of Berkeley 43 is warranted.



Chapter 4

Conclusion

Based on images taken with the WMO 0.9 m telescope, Berkeley 43 has a high

extinction rate (E(B-V)=1.15), is 1120 parsecs away, and is roughly 500 million years

old. Data from Gaia is less conclusive, but does not contradict the conclusions drawn

from the isochronal fit. More detailed analysis, or using measurements from Gaia’s

Data Release 3 (when it becomes available) would likely yield more insightful results.

Future analysis of Berkeley 43 would benefit from having a more versatile pro-

gram to better fit an isochrone across all available filters, instead of the single color-

magnitude diagram available for this analysis.

17



Bibliography

[1] A. Fraknoi, D. Morrison, and S. C. Wolff, “Astronomy,”, https://openstax.org/

books/astronomy@22.49/pages/1-introduction, published: Oct 13, 2016.

[2] “M45 The Pleiades,”, https://esahubble.org/projects/fits liberator/fitsimages/

davidedemartin 5/, accessed: Nov 04, 2021.

[3] A. Frebel and A. M. Hentschel, in Searching for the oldest stars: Ancient relics

from the early universe (Princeton University Press, 2015), p. 149–150.

[4] M. Richmond, “Ordinary stars and HR diagrams,”, http://spiff.rit.edu/classes/

ladder/lectures/ordinary stars/ordinary.html.

[5] G. Bryant, “Open Cluster Exoplanets,” Sky and Telescope Special Issue, 22–27

(2021).

[6] P. Fernique, T. Boch, A. Oberto, F. Bonnarel, Chaitra, and C. Bot, “Aladin sky

atlas,”, https://aladin.u-strasbg.fr/AladinLite/, accessed: June 03, 2021.

[7] K. A. Collins, J. F. Kielkopf, K. G. Stassun, and F. V. Hessman, “ASTROIM-

AGEJ: IMAGE PROCESSING AND PHOTOMETRIC EXTRACTION FOR

ULTRA-PRECISE ASTRONOMICAL LIGHT CURVES,” The Astronomical

Journal 158, 77 (2017).

18

https://openstax.org/books/astronomy@22.49/pages/1-introduction
https://openstax.org/books/astronomy@22.49/pages/1-introduction
https://esahubble.org/projects/fits_liberator/fitsimages/davidedemartin_5/
https://esahubble.org/projects/fits_liberator/fitsimages/davidedemartin_5/
http://spiff.rit.edu/classes/ladder/lectures/ordinary_stars/ordinary.html
http://spiff.rit.edu/classes/ladder/lectures/ordinary_stars/ordinary.html
https://aladin.u-strasbg.fr/AladinLite/


BIBLIOGRAPHY 19

[8] M. Fitzgerald, “Our solar siblings: Software Collection for Open Clusters,”,

https://www.oursolarsiblings.com/moodle/mod/page/view.php?id=1287, login

information required.

[9] Gaia Collaboration et al., “The Gaia mission,” 595, A1 (2016).

[10] “Gaia overview,”, https://www.esa.int/Science Exploration/Space Science/

Gaia overview, accessed: Nov 23, 2021.

[11] “0.4-meter,”, https://lco.global/observatory/telescopes/0m4/, accessed: Nov 04,

2021.

[12] “Available Telescopes,”, https://wmo.byu.edu/telescopes, accessed: Oct 08,

2021.

[13] T. Granzer, “Johnson-Cousins UBVRI filter curves,”, https://old.aip.de/en/

research/facilities/stella/instruments/data/johnson-ubvri-filter-curves, 2014.

[14] Gaia Collaboration et al., “Gaia Early Data Release 3: Summary of the contents

and survey properties,” 649, A1 (2021).

[15] L. Lindegren et al., “Gaia Early Data Release 3: Parallax bias versus magnitude,

colour, and position,” 649, A4 (2021).

[16] A. L. Tadross, “A Catalougue of previously unstudied Berkeley clusters,”

Monthly Notices of the Royal Astronomical Society 389, 285–291 (2008).

[17] A. Subramaniam, G. Carraro, and K. A. Janes, “Optical photometry and pa-

rameters of 10 unstudied opened clusters,” Monthly Notices of the Royal Astro-

nomical Society 404, 1385–1395 (2010).

https://www.oursolarsiblings.com/moodle/mod/page/view.php?id=1287
https://www.esa.int/Science_Exploration/Space_Science/Gaia_overview
https://www.esa.int/Science_Exploration/Space_Science/Gaia_overview
https://lco.global/observatory/telescopes/0m4/
https://wmo.byu.edu/telescopes
https://old.aip.de/en/research/facilities/stella/instruments/data/johnson-ubvri-filter-curves
https://old.aip.de/en/research/facilities/stella/instruments/data/johnson-ubvri-filter-curves

	Title Page
	Copyright
	Department Approval
	Abstract
	Acknowledgments
	Table of Contents
	List of Figures
	1 Introduction
	2 Methods and Procedure
	3 Results
	4 Conclusion
	Bibliography

