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A What are globular clusters?

A Historical significance e
A ShapleySawyer classification MS (Serpens Caput)

A How to find, observe, and report on globular clusters



What are Globular Star Clusters?

A Densely packed, spherical agglomerations dftaQ.0?
very old stars (124 billion years old) that surround a
galactic nucleus

A Most in the Milky Way are 10,000 to 50,000 light years
away from us

A Diameters: 10s to 100s of light years

A Densities: average about 1 star per cubic light year, but
more dense in the core

A About 150 globular clusters known in the Milky Way



What are Globular Star Clusters?

A Some globular clusters, e.g., M15, have undergone gravitational
collapse in their cores

A Glob cores can be millions or even billions of times more
densely populated than our solar neighborhood

A Imagine a night sky with thousands of stars brighter than
Sirius!

A Black holes of low stellar mass {20
solar masses) may be common at the
center of globular clusters. They have
been detected (201:2013) in M22 (a pair)
and M62 by detecting radio emissions
using theVery Large Array

M62 (Ophiuchus)
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Figure 2: Optical images of M22 and the candidate companion stars to the radio sources. (a)
Ground-based image that shows the approximate location of the sources in the context of the
star cluster. (b) and (c) show the zoomed-in location of the radio sources on an archival high-
resolution Hubble Space Telescope/Advanced Camera for Surveys F'814W image. These circles
have radii of 0.3 for clarity; the uncertainty in the astrometric matching of the optical and radio
data is < 0.1”. The image orientation is as in Fig. 1. (Image credit for (a): Doug Matthews/Adam
Block/NOAO/AURA/NSFE)
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Figure 1: VLA radio continuum image of the core of the globular cluster M22. The two bright
circled objects are the sources identified as stellar-mass black holes, M22-VLA1 and M22-VLA2.
These sources have flux densities of 55-58 ply at 5.9 GHz. We obtained the data in two separate |
GHz basebands centered at 5 and 6.75 GHz, allowing a measurement of the spectral index of the
radio emission between these frequencies. Both sources have flat radio spectra, witha = 0 — 0.2,
assuming S, = v The faint circled object is a known millisecond pulsar®. A red cross marks
the photometric cluster center. 20" corresponds to approximately 0.3 pc at the distance of M22.
The apparent elongation of the sources is due entirely to the elongated synthesized beam; all three
circled sources are unresolved. North is up and east is to the left in this image.

J.Straderet al.,NatureOct 4, 2012



HertzsprungRussell diagrams:
Typical globular cluster (left) and M55 (right)
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H-R Diagram for M3 (Can®&&natic)
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Commander David Bowman
2001: A Space Odyssey
Arthur C. Clarke (1968)
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Radius of star = 700,000 km (like our Sun)

Radius ofiglobular cluster = 10 parsecs (3.10 km).
Volume of a suslike star =4/3 0 T n n 214X 1 KMD
Assume 500,0086tars inthe cluster.

Volume of the stars 500,000 x 1.4 x 20km3=7.2 x 163 kn?.
Volumeof thecluster=n k 0~ #HlonPml.2E 16hkm?3.

Thus, thestarsonlyfill (7.2 x 183km3)/ (1.2 x 18*km3) =6.0 x 11
of the cluster's total volume.

The stars are therefore separated by many astronomical units
(EarthSun distance)

Source Dr. Christopher Palma, Dept. of Astronomy & Astrophysics, Penn State Univ



Historical Importance
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G listworthy of notice...that the
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T Henrietta SwarLeavitt, 1908




TABLE I.

PERIODS OF VARIABLE STARS IN THE SMALL MAGELLANIC CLOLUI.

H. !ll-{n.:r_ Min. | Epoch. Perind. | Res. M.| Roa m. H. ;Hn:. Min. IE[HJ{‘JL Poriod. Ren, M. | Foa. m.
o d, d. I d. . |
1505 14.8 | 16.1 | 0.02| 125336 | —0.6 | —0.5 [ 1400 14.1 [14.8 | 4.0 | 6.650 | 4+0.2 | —0.3
1'435,{14.5 16.4 | 0.02] 16637 | —03 | 4+0.1 1855|140 [148 | 48 | 7.483 |+0.2 | —0.2
1446 | 14.8 |16.4 | 1.38| 1.7620 | —0.3 | +0.1 |1374|13.9 |15.2 | 6.0 | 8397 [4+0.2 | —0.3
1506 15.1 |16.3 | 1.08| 1.87502 | +0.1 [4+0.1 | 818|136 |14.7 | 40| 10336 | 0.0 | 0.0
1413147 | 156 | 0.35| 217352 | —0.2 | —0.5 [ 1610{13.4 |14.6 |11.0 | 11645 | 0.0 | 0.0
1460|14.4 [15.7 | 0,00 2013 | —0.3 | —0.1 | 1865(13.8 |14.8 | 9.6 | 12417 |40.4 | 402
14220147 (159 | 0.6 | 3501 | 402 | +0.2 | 1551|134 (144 | 40 | 13.08 |40.1 | —0.1
842|14.6 [16.1 | 2.61| 42897 | +0.3 | 406 | 827(134 143 [116 | 1347 [4+0.1 |—0.2
1425|143 [15.3 | 2.8 | 4547 | 0.0 | —0.1| 822|130 146 (130 | 1675 |[—0.1 |+0.3
1742|143 |15.5 | 0.95| 49866 | +0.1 |+02| 823/122 |14.1 | 20 | 31.94 |-0.3 |+04
1646|144 | 154 | 430, 5311 |+0.3 | +0.1| 824 114 (128 | 4. | 658 |—04 |—02
1640 | 14.3 | 15.2 | 5.05] 5.323 -H}.E‘—[I.I 821[11.2 (12,1 |97. | 1270 |—=0.1 |—04
1492/ 13.8 |14.8 | 0.6 | 6.2926 | —0.2 | —04
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Earth, their periods are apparently associated with their actual emission
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Brighiness
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RR Lyrae variable Mira variable

Schematic light curves
for types of variable
stars

Period
RRLyrae hours

Cepheid days
Mira-type: months

Variable behaves the
same way in nearby
stars, globular
clusters, or galaxies!

RRLyraevariables
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S. Schneider et aRathways to Astronom{2007)

more prevalent in
globs thanCepheids
but hard to detect in
other galaxies
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A Collect data about absolute magnitudes (roughly, L) of dRRe
Lyraevariable stars determined from their measured distances

A LocateRRLyraestars in globular clusters %

A AssumeRRLyraestarsin globularsare like otherRRLyraestars
and have about the same L (almost independent of period), i.e.,
about 83100x that of the Sun
A Actual value: about 40x

A'aS GKS AaAYOISNAES cdetramed®ththed 4 00
square of thedistance)
A B=L/(4 d?

A From observed B and known L, calculate distance to the globular
cluster



Greater luminosityA

The periodluminosity relation

Absolute magnitude

Logarithm of the period
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a Longer period

Following up Leauvitt,
Shapley (1918) publishes
the periodluminosity
relation for Cepheidype
variable stars.

Ability to relate

Gl LI NBYydé¢ YL
GNBFT &€ YIFIAyAil
Y Distance!

6G9l AaASNE az2f dz
Lyraevariables, for which L is
independent of period.)



& ¢ KyStem of globular clusters, which is coincident in general, if not in

detail, with the sidereal arrangement as a whole, appears to be somewhat

StfALAZ2ARFIEf ®X ¢KS OSYuUSNI 2F (0KS$S aAaA
--Harlow Shapley (1918)
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& ¢ KHysical universe wasnthropocentricto
primitive man.... thesignificance of maand the
Earth in the sidereal scheme hasindledwith
advancing knowledge of the physical wabld ® ¢

* k% %

a C NfaeYhew point of view our galactic universe
appears as aingle, enormous, atomprehending
unit... The adoption of such an arrangement leaves
us withno evidence of a plurality of stellar

G dzy A @S NE S & ®éHarlow Shapley
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--Isaac Newton

A Shapley correctly shows that we are not at the center of our galaxy.

Al 26SOSNE 2yte | ¥S56 &SI Niethddl G SNE
with Cepheid variable§ 2 & K2 ¢ O6AY wMdpHNO GKIF O
are the rule.

A Key Luminosity ofSepheids= 10,000xthat of Sun versug0xfor
RRLyraevariables, therefore we can more easily det€spheids
beyond the Milky Way.
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found in M31 (the Andromeda Galaxy)
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Period: 31.4 days. Maximum mag: 18.0, minimum mag: 19.2
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--Harlow Shapley



Harlow Shapley

A Born 1885 (Nashville, MO, died 1972)
A Fifth-grade dropout later becomes a valedictorian

A{GdzZRASE& FaAalUNRy2Ye ¢KSYy ! 2F ahQ
postpones his admission

A Grad school: Princeton (with H. Russell) studies pdtindnosity
relation for Cepheid variable stars

A Shows thaCepheidsare most likely pulsating single stars
A Director, Harvard College Observatory (31 years)
A Many papers, books published



The Shapleysawyer Classification
of Globular Clusters

Aogaillof A&aKSR AY mMdpHT oOoFaSR 2y 0O2Y
In Arequipa, Peru

AaLYyauoSIR 2F OflaaiAy3a GKS Of dza i SN.
obvious categories, we arrange them in finer subdivisions, in a
series of grades on the basisagntral concentration . . Class |
represents the highest concentration toward the center, and Class
- LL O0KS S| adoeé



Boyden Station,
Arequipa, Peru
(18891927)
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