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Abstract

Globular clusters are dense, low-metallicity star clusters. These objects are home to most RR Lyrae
Variables, which are important in determining the evolution of star clusters. Although considerable
research has been devoted discussing their period and luminosities, the composition of RR Lyrae
stars within globular clusters remains an area of investigation. Using the GAIA Data Release 3
database, a heatmap of the surrounding stars of the target cluster is first depicted, which the
apparent dimensions of the cluster and an estimated number of observed stars in the cluster is
inferred. Then, the composition of RR Lyrae stars in 20 globular clusters are analyzed. It is
concluded that three factors play an essential role in deciding the raio of RR Lyrae Variables to the
number of stars in the home cluster, which are the cluster age, cluster radii and metallicity, listed
in order of descending impact. Various hypotheses concerning the mechanism of these parameters
are proposed. Quantaties combining the effect of the three parameters are defined, enabling the
RR Lyrae composition to help determine properties of the star clusters. The special cases that
deviate from the main trend are discussed. The differences of the apparent magnitude obtained

with the concept of heatmaps and that from the refences are also analyzed.
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! Gratton, R., Bragaglia, A., Carretta, E., D’Orazi, V., Lucatello, S., Sollima, A. (2019). "What is a Globular Cluster? An
Observational Perspective."

2 Clement, C. M., Muzzin, A., Dufton, Q., Ponnampalam, T., Wang, J., Burford, J., Richardson, A., Rosebery, T., Rowe, J., &
Hogg, H. S. (2001). "VARIABLE STARS IN GALACTIC GLOBULAR CLUSTERS." Accepted July 30, 2001.

3S. 1 Bailey 4358 %

4 Qosterhoff — 47374 (Oosterhoff Dichotomy)

3 Stobie, R. (1971) "ON THE DIFFERENCE BETWEEN THE OOSTERHOFF TYPES I AND Il GLOBULAR CLUSTERS"
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¢ Goldsbury, Ryan; et al. (December 2010). The ACS Survey of Galactic Globular Clusters. X. New Determinations of Centers
for 65 Clusters". The Astronomical Journal. 140 (6): 1830-1837

7 Boyles, J.; et al. (November 2011). "Young Radio Pulsars in Galactic Globular Clusters". The Astrophysical Journal. 742 (1):
51.



7. BB [Fe/H] > DL dex RHAr
8. EEIHEFE - DI (Gyr) REAL

() Euo(FBE =HEiEUHE R} (GAIA Data Release 3)

E Ui EE F AL E#ES (photometric instruments) 7SI & #iE 330~680
FORAVEEYEEET (blue photometer, BP) e AN R &i[E 640~1050 ZORMVALEEET
(red photometer, RP) o W& B 2R/ PSRl a 52f% 8% (low-resolution fused-silica
prisms) ° FEaE AT HREUHIGE R - RIaERHSH HEYRDRE - SBEE - &1E%

10

AR5E(E FEY GAIA DR3 24 (table) s :

1. gaia_source : ZHFTH ZRGAVARGT (source_id) ~ JREE ~ 7R%E ~ BUHI BP - RP
PEEEER -

2. vari_summary : SHFAERENGES: - VRS - BUNRRS © SHFEE
HHEERENERST - Bt E B E -

3. vari classifier result : &7 source id ~ best class name - best class score &
fil o GAIA B EIE T fy 24 1 - M RIAVERBHAE vari_classifier_definition
TigH - T (—) ZILERASFYIAVREREH " best_class_score ; /&—{#l /P
> 0 F0 1 & EEEALIRHIE L B BUEEE ARG LS

4. vari classifier definition : 88 2 5 MEAVEEAERAH » AR FE -

8 Koleva, M.; et al. (April 2008). "Spectroscopic ages and metallicities of stellar populations: validation of full spectrum fitting".
Monthly Notices of the Royal Astronomical Society. 385 (4): 1998-2010.

° Marin-Franch, Antonio; Aparicio, Antonio; Piotto, Giampaolo; Rosenberg, Alfred; Chaboyer, Brian; Sarajedini, Ata; Siegel,
Michael; Anderson, Jay; Bedin, Luigi R.; Dotter, Aaron; Hempel, Maren; King, Ivan; Majewski, Steven; Milone, Antonino P.;
Paust, Nathaniel; Reid, I. Neill (2009). "The ACS Survey of Galactic Globular Clusters. VII. Relative Ages". The Astrophysical
Journal. 694 (2): 1498.

10T, Prustil et al. (2016). "The Gaia mission". Astronomy & Astrophysics, 595, 36.
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AGN Active Galactic Nuclei (including Quasars).

DSCT|GDOR|SXPHE Set of variable types: delta Scuti, gamma Doradus, and SX Phoenicis.

WD White Dwarf variable stars of types: ZZ Ceti (DAV, ZZA), V777 Herculis (DBV, ZZB), and
GW Virginis (DOV, ZZO).

LPV Long Period Variable stars of types: omicron Ceti (Mira), OGLE Small Amplitude Red
Giants, and semiregular.

ACV|CPIMCP|ROAM|ROA | Set of variable types: alpha2 Canum Venaticorum, (Magnetic) Chemical Peculiar star,

P|SXARI Rapidly Oscillating Am/Ap star, and SX Arietis variable.

S Set of stars with short timescale variability.

MICROLENSING Star with microlensing event.

CEP Cepheid variable types: delta Cepheid, anomalous Cepheid, and type-1I Cepheid.

YSO Young Stellar Object.

RS RS Canum Venaticorum type variable.

ACYG Alpha Cygni-type variable.

BCEP Beta Cephei type variable.

BE|GCAS|SDOR|WR Subset of eruptive variable types: B-type emission line star, Gamma Cassiopeiae, S Doradus,
and Wolf-Rayet.

SN Supernovae.

SPB Slowly Pulsating B-star variable.

ECL Eclipsing Binaries of types: Beta Persei (Algol), Beta Lyrae, and W Ursae Majoris.

ELL Ellipsoidal variable.

SYST Symbiotic variable star.

SOLAR_LIKE Stars with solar-like variability due to flares, spots, and rotational modulation.

Cv Cataclysmic variable.

SDB Sub-dwarf B stars of types: V1093 Her and V361 Hya.

RR RR Lyrae stars of the following types: fundamental-mode, first-overtone, double mode, and
anomalous double mode.

EP Star with exoplanet transits.

RCB R Coronae Borealis type variable.
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I Casagrande, L., Ramirez, 1., Meléndez, J., Bessell, M., & Asplund, M. (2018). "An absolutely calibrated Teff scale from the
Infrared Flux Method: Dwarfs and subgiants."
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(—) f58 FHENEL R B He H 2 B A N
RIFFCEEETIEGIR B P A+ (ER B P KASYIEE » fRIESURER? » X5
INEEIET A EE o E[E (Omega Centauri » NGC5139 > DL FLL OmegaCen {£3%)
B NGC6441 £H - Hrp > L ABE o 2EAHT AN EBFRAE - Kit
+5r AW EE -
2 0 SURRERHEA /NG D B ] HH 1A NP

EEZE | XRERAKXNAED) | sBE#HESHMEAN (BH) "/A/N (AR)
M2 16 20.75 20.75
M3 18 46 46
M4 26 25.75 25.75
M5 23 32.25 32.25
M9 9.3 33.75 9.3
M10 20 26 26
M15 18 30 30
M19 17 9.25 9.25
M30 12 22.25 22.25
M53 RIEMH 30 30
M54 RiEH 8.5 8.5
M56 RiEH 12.75 12.75
M68 Rig 36.5 36.5
M72 RiEH 16.25 16.25
M79 RiEH 18.5 18.5

12 Bhardwaj, A.; Universe special issue on “Recent Advances in Pulsating Stars”, M. Marconi and V. Ripepi, eds.. Preprints 2022,
8, 122.
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M107 RIEMH 16 16
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M9 9.3 19756 7516 12240
M10 26.00 38291 5740 32551
M19 9.25 24179 10188 13991
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%4 £ EH RRppm H{H

EERE RR 2EHE EBEERH RRppm
M2 31 22912 1353.00
M3 195 37189 5243.49
M4 31 28710 1079.76
M5 96 36259 2647.62
M9 16 12240 1307.19
M10 4 32551 122.88
M15 109 28638 3806.13
M19 10 13991 714.75
M30 8 15555 514.30
MS53 52 17026 3054.15
M54 47 6230 7544.14
M56 5 10200 490.20
M68 43 12559 3423.84
M72 40 5613 7126.31
M79 8 10722 746.13
M80 7 11815 592.47
M92 15 23668 633.77

M107 18 11653 1544.67

OmegaCen 116 224722 516.19

NGC6441 1 2690 371.75
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Scatter Plot of RR ppm vs. Age
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Scatter Plot of log(RRppm) vs. logAge
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13 R. Jaimes et al. (2018) "Many new variable stars discovered in the core of the globular cluster NGC 6715 (M54) with EMCCD
observations". Astronomy & Astrophysics, 592, 17.
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14 Ferro, A. A., Yepez, M., Muneer, S., Fierro, 1. H. B., Schrdder, K., Giridhar, S., & Calderén, J. H. (2020). The globular cluster
M10: reassessment of stellar membership, distance, and age using its variable and HB stars. Monthly Notices of the Royal
Astronomical Society, 499(3), 4026—4039.

15 Braun, Kaspar & Mateo, Mario & Chiboucas, Kristin & Athey, Alex & Hurley-Keller, Denise. (2002). Photometry Results for
the Globular Clusters M10 and M12: Extinction Maps, Color-Magnitude Diagrams, and Variable Star Candidates. The
Astronomical Journal. 124. 10.1086/342851.
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Scatter Plot of RR ppm vs. Fe/H
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16 Zinn, R. (1985). The metallicity dependence of the RR Lyrae instability strip. The Astrophysical Journal, 293, 424.
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Scatter Plot of log(RRppm) vs. log-FeH
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Scatter Plot of RR ppm vs. Radii
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BT = BN KT - R SR R R LR 1
0.06 8-0.17 « SSTRMEIR » (EESR EAIOAZ « 41T EEH NP SR
IR -

log(F218%) ~ 42/ B log(RERLE) %

EERE logAge Fe/H logRadii
M2 1.097 -1.65 1.941
M3 1.057 -1.34 1.954
M4 1.086 -1.07 1.556
M5 1.026 -1.12 1.908
M9 1.079 -1.77 1.653
M10 1.057 -1.25 1.619
M15 1.079 -2.37 1.944
M19 1.076 -1.53 1.845
M30 1.113 -2.27 1.505
MS53 1.103 -1.86 2.053
M54 1.114 -1.49 2.185
M56 1.137 -2 1.623
M68 1.049 -2.23 1.724
M72 0.978 -1.48 1.591
M79 1.068 -1.55 1.813
M80 1.130 -1.47 1.672
M92 1.152 -2.32 2.037
M107 1.145 -0.95 1.477

OmegaCen 1.06 -1.35 1.934

NGC6441 1.114 -0.53 0.681
15 1.086 -1.58 1.736
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Scatter Plot of RR ppm vs. Mass
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Scatter Plot of RR ppm vs. DEC
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starCount(star_mid_ra, star_mid_dec, star_search_dim, True)
rs = [-1, -1, -1, -1, -1, -1, -1, -1, -1]
rs[0] = starCount(star_mid_ra-2*star_search_dim, star_mid_dec-2*star_search_dim,
star_search_dim)
rs[1] = starCount(star_mid_ra, star_mid_dec-2*star_search_dim, star_search_dim)
rs[2] = starCount(star_mid_ra+2*star_search_dim, star_mid_dec-2*star_search_dim,
star_search_dim)

rs[3] = starCount(star_mid_ra-2*star_search_dim, star_mid_dec, star_search_dim)

rs[d4] = starCount(star_mid_ra, star_mid_dec, star_search_dim)
rs[5] = starCount(star_mid_ra+2*star_search_dim, star_mid_dec, star_search_dim)
rs[6]

star_search_dim)

starCount(star_mid_ra-2*star_search_dim, star_mid_dec+2*star_search_dim,

rs[7] = starCount(star_mid_ra, star_mid_dec+2*star_search_dim, star_search_dim)

rs[8] = starCount(star_mid_ra+2*star_search_dim, star_mid_dec+2*star_search_dim,

star_search_dim)

summation = sum(rs)

print(summation)
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environment_average = round(0.125x(summation - rs[4]))

print("Estimated number of stars in cluster: ", rs[d] - environment_average)

(=) A& RS H AR E Y 24

ra_query = "ra BETWEEN " + str(mid_ra - search_dim/2) + " AND " + str(mid_ra +

search_dim/2)

dec_query = "dec BETWEEN " + str(mid_dec - search_dim/2) + " AND " + str(mid_dec

+ search_dim/2)

query = "SELECT TOP " + str(search_rows) + " source_id, ra, dec,
phot_rp_mean_mag, phot_bp_mean_mag FROM gaiadr3.gaia_source WHERE " + ra_query +

" AND " + dec_query

(=) FERHEA HIRaEE N 2 TSR

vari_query = "SELECT source_id FROM gaiadr3.vari_summary WHERE source_id IN (" +

", ".join([str(item) for item in resultIDs]) + ")"

(1) R R AR

matching_stars_query = "SELECT vcr.source_id, vcr.best_class_name, gs.ra, gs.dec
FROM gaiadr3.vari_classifier_result vcr INNER JOIN gaiadr3.gaia_source gs ON
ver.source_id = gs.source_id WHERE vcr.source_id IN ({})".format(",

".join([str(id) for id in matching_ids]))

class_query = "SELECT source_id, best_class_name, best_class_score FROM
gaiadr3.vari_classifier_result WHERE source_id IN (" + ", ".join([str(int(item))

for item in matching_ids]) + ")"
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