Observing Globular Clusters

TAAS Astronomy 101
Jon Schuchardt
August 2016



Outline

What are globular clusters?

Historical significance

Shapley-Sawyer classification M5 (Serpens Caput)

How to find, observe, and report on globular clusters



What are Globular Star Clusters?

* Densely packed, spherical agglomerations of 10# to 10’
very old stars (12-14 billion years old) that surround a
galactic nucleus

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

* Diameters: 10s to 100s of light years

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

* About 150 globular clusters known in the Milky Way



What are Globular Star Clusters?

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

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

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

* Black holes of low stellar mass (10-20
solar masses) may be common at the
center of globular clusters. They have
been detected (2012-2013) in M22 (a pair)
and M62 by detecting radio emissions
using the Very Large Array

M62 (Ophiuchus)



20:1
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Easier to “see” the black holes
using radio emissions and the
VLA versus a Hubble view of
M?22 (Sagittarius)
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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.

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 J . St ra d er et a I . Nature Oct 4 20 1 2
have radii of 0.3 for clarity; the uncertainty in the astrometric matching of the optical and radio ’ 4

data is < 0.1”. The image orientation is as in Fig. 1. (Image credit for (a): Doug Matthews/Adam

Block/NOAO/AURA/NSE)



Hertzsprung-Russell diagrams:
Typical globular cluster (left) and M55 (right)
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H-R Diagram for M3 (Canes Venatici)

The “knee”
shows where
stars begin to
depart the Main
Sequence on
their path to
becoming giants

Visual Magnitude

Can be used to
estimate the age
of the cluster




“The thing’s hollow -- it goes on forever --
and -- oh my God! -- it’s full of stars!”

Commander David Bowman
2001: A Space Odyssey
Arthur C. Clarke (1968)






How “full of stars” is a globular cluster?

Radius of star = 700,000 km (like our Sun)

Radius of a globular cluster = 10 parsecs (3.1 x 104 km).
Volume of a sun-like star = 4/3 t (700,000 km)3 = 1.4 x 1018 km3.
Assume 500,000 stars in the cluster.

Volume of the stars = 500,000 x 1.4 x 1018 km3=7.2 x 1023 km?3.
Volume of the cluster = 4/3 (3.1 x 10% km)3 = 1.2 x 10%* km?.

Thus, the stars only fill (7.2 x 1023 km3) / (1.2 x 10% km3) = 6.0 x 10%!
of the cluster's total volume.

The stars are therefore separated by many astronomical units
(Earth-Sun distance)

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



Historical Importance

“It is believed that the great mass of the stars ... are arranged in the form
of a lens- or bun-shaped system ... considerably flattened towards one
plane ... the Sun occupies a fairly central position.”

—Arthur Eddington, 1914

“It is worthy of notice...that the
brighter [Cepheid] variables have
longer periods.”

—Henrietta Swan Leavitt, 1908




TABLE 1.

PERIODS OF VARIABLE STARS IN THE SMALL MAGELLANIC CLOUID.

T o |
H. | Max | Mia. |Epoch| Period. | Res. M.| Res.m.| H | Mux | Min. |Epoch.| Poriod.
__'M d, d. I d. d. _
1505 14.8 | 16.1 | 0.02| 1.25336 | —0.6 | —0.5 | 1400|14.1 [14.8 | 4.0 | 6.6560 |
1436 14.8 |16.4 | 0.02] 1.6637 [—03 | +0.1 (1355140 |148 | 48 | 7.483
1446 | 14.8 |16.4 | 1.38| 1.7620 | —0.3 |+0.1 [ 1374|139 [152 | 6.0 | B.397
1506 15.1 |16.3 | 1.08| 1.87502 | 4-0.1 [+0.1 | 818|136 [14.7 | 4.0 | 10.336
1413 14.7 [15.6 | 0.35] 217352 | —0.2 | —0.5 [ 1610 13.4 |14.6 | 110 | 11645
1460(14.4 [15.7 | 0.00] 2913 | —0.3 | —0.1 | 1365|138 148 | 9.6 | 12417
14221147 (159 | 0.6 | 3.501 [ 402 |40.2 |1351(13.4 |144 | 40 | 13.08
842(14.6 |16.1 | 2.61 42807 |40.3 |4+0.6 | 827(13.4 143 |11.6 | 1347
1425(14.3 |15.3 | 28 | 4547 | 0.0 | —0.1| 522|13.0 |14.6 |13.0 | 16.75
1742|143 |15.5 | 0.95 49866 |+0.1 +C.2| 823122 |141 | 29 | 31.04
1646|144 154 | 430, 5311 | +03 | +0.1| 824|114 [128 | 4. | 668
1649 | 14.3 |15.2 | 5.05 5323 |+0.2 | —0.1] 821|112 [12.1 |97. | 127.0
1492|138 | 14.8 i 0.6 | 6.2026 |—02 —04 r
| —— |

“Since the variables are probably at nearly the same distance from the
Earth, their periods are apparently associated with their actual emission
of light, as determined by their mass, density, and surface brightness.”
--Henrietta Swan Leavitt (1912)
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S. Schneider et al., Pathways to Astronomy (2007)

Schematic light curves
for types of variable
stars

Period

RR Lyrae:  hours
Cepheid: days
Mira-type: months

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

RR Lyrae variables:
more prevalent in
globs than Cepheids,
but hard to detect in
other galaxies




Harlow Shapley’s approach

Collect data about absolute magnitudes (roughly, L) of close RR
Lyrae variable stars determined from their measured distances

Locate RR Lyrae stars in globular clusters %

Assume RR Lyrae stars in globulars are like other RR Lyrae stars
and have about the same L (almost independent of period), i.e.,
about 80-100x that of the Sun

* Actual value: about 40x

Use the “inverse square” law (brightness decreases with the
square of the distance)
* B=L/(4mnd?)

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



Greater luminosity 2

The period-luminosity relation

Absolute magnitude

Logarithm of the period
4 -+1.0 —0.6 —-—0.2 -0.2 -0.6

< Longer period

Following up Leavitt,
Shapley (1918) publishes
the period-luminosity
relation for Cepheid-type
variable stars.

Ability to relate
“apparent” magnitude to
“real” magnitude

—> Distance!

(“Easier” solution for RR
Lyrae variables, for which L is
independent of period.)



“The system of globular clusters, which is coincident in general, if not in

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

ellipsoidal.... The center of the sidereal system is distant from the Earth ...”
--Harlow Shapley (1918)
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“If | have seen farther than others. ..

“The physical universe was anthropocentric to
primitive man.... the significance of man and the
Earth in the sidereal scheme has dwindled with

advancing knowledge of the physical world...”
* %k Xk

“From the new point of view our galactic universe

appears as a single, enormous, all-comprehending
unit... The adoption of such an arrangement leaves
us with no evidence of a plurality of stellar

“universes.” --Harlow Shapley



... it is because | stood on the shoulders of giants.”

--lIsaac Newton

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

 However, only a few years later, Hubble applies Shapley’s method
with Cepheid variables to show (in 1924) that “island universes”
are the rule.

 Key: Luminosity of Cepheids = 10,000x that of Sun versus 40x for
RR Lyrae variables, therefore we can more easily detect Cepheids
beyond the Milky Way.



Hubble’s Luminosity Curve for Cepheid Variable
found in M31 (the Andromeda Galaxy)
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Period: 31.4 days. Maximum mag: 18.0, minimum mag: 19.2

“Here is the letter
that destroyed my
universe.”

--Harlow Shapley



Harlow Shapley

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

e Studies astronomy when U of MO’s School of Journalism
postpones his admission

* Grad school: Princeton (with H. Russell) studies period-luminosity
relation for Cepheid variable stars

* Shows that Cepheids are most likely pulsating single stars
* Director, Harvard College Observatory (31 years)

* Many papers, books published



The Shapley-Sawyer Classification
of Globular Clusters

* Established in 1927 based on comparison of “Bruce photos” taken
in Arequipa, Peru

* “Instead of classing the clusters . .. in two or three broad and
obvious categories, we arrange them in finer subdivisions, in a
series of grades on the basis of central concentration ... Class |
represents the highest concentration toward the center, and Class

Xll the least.”



Boyden Station,
Arequipa, Peru
(1889-1927)

Achromatic doublet

The Bruce 24” doublet refractor
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Extra credit if you
can name the
missing Messier
glob!



NGC 2808: Class | M2: Class I 47 Tuc: Class Ill NGC 1866: Class IV

Shapley-Sawyer Classification of Globular Clusters (1927)

M30: Class V

M22: Class VII M14: Class VIlI

Ml; |ass IX NGC 28! Class X M55: Class XI NGC 7492: Class XlI



M80 has a concentration
classification of Il

M19 has a concentration
classification of Vill

M13 has a concentration
classification of V

NGC 6749 has a concentration
classification of XI-XII

Fig. 1: Comparison
Pictures

for Determining the
Shapley-Sawyer
Concentration
Class

(CCD images by
Brian Kimball)

From “Guide to the
Globular Cluster
Observing Club,” an
Astronomical League
publication



W Globua1
Astronomical League-- ey

Observing Program

Clusters

——

I”

* Formerly a “visual” program only, now
has an option for imagers

* First award: certificate and pin; completion of the other
program earns a certificate only

WARNING: Astronomical League observing programs
can be highly addictive!




Astronomical League--Observing Program

e Requirements:

¥ Globular ™

AL League member

Observe or image 50 of 190 objects listed in the Al’s Guide to
Observing the Globular Cluster Program (buy online)

Use any method for locating the clusters (GOTO allowed)

Estimate the Shapley-Sawyer concentration class for each cluster

Visual observers: 1 challenge object; imagers: 3 challenge objects

Record date, time, location, sky conditions, equipment used as in
other AL programs

Follow submission directions at AL website



Good recordkeeping matters for the AL. Only 1 sketch needed

MGOC

4147
s466*
8634
6144
8229
6235
684
6287
6293
6304
G316

6342
.""ﬂ-."

Globular Cluster
Obsernvation Summary

Observed Time Conditions Est S-S5 Aciual Location Description
E41/08 11:05 AIGD W Wl D5-1  unremarkable; small; a fuzzy star
%-'24-'03 11:45 AZFS X1 xn deck  challenging glob, broad, dim glow, mostly halo
G6/24/08 12:45 AZFS 1Y I deck  small, canc. glob in star A; easy; rear 106-\ir
8i3i08 10:30 A1GD X b A Adir, Pk, same 85X view with Antaras; thin, small, halo-rich
BiZ20008 9:20 ATGS 1l IV deck  bright, conc. glob near 52-Her; similar ta M80, w. more halo
712108 11:10 A1GD X X Cold  tough, ghostly glab; mostly halo
71208 11:20 A1GD Wi 1 Cold  globis bright w. conc. core, substantial halo
72108 11:15 A1GD v Wil Cald  easy catch; ave -looking glob
FI208 11:30 A1GD ]l 0 Cold  easy to find near 35-Oph; bright, litle halo
7208 12:20 A1GD ]| Wi Cold  well-conc. glob, easy to see; slighl halo
_.'r'n'E.ﬁ.’}-E 12:30 A1GD W i Cold  irregular, easy find; more hala than core
71208 11:50 A1GD Wil I Cold  near £-Oph; like M71 but mora hals
- - i i i
f}./ K "4 /
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Challenge object:
NGC 5466 (Boo)
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Some fun facts

29 of Messier’s 110 objects are globular clusters

33 additional globular clusters are Herschel 400

objects
e M107 is on both the Herschel 400 and

Messier lists

Only 2 globular clusters are Herschel |l objects
e NGC5053 and NGC6717

e NGC5053 is a good “challenge object”
for the globular clusters program
because of its proximity to M53

* The entire globular clusters program
can be completed during a single
summer season!

Pocket Sky Atlas, p. 45
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Helpful references for observers new & old:

Sky & Telescope’s

STAR SPOI(&KET
WATCH i =

The Amateur Astronomer's Guide to
['inding. Observing, and Learning About

Over 125 Celestial ( ”Jim L5

Phil ip 5. Harrington
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o LN




) 'M18 . + . \’ 3 + .' .
.% M23 oM R
3 ‘ OPHIUCHUS, . ¢ .- ,
e AU ' M80 -
S foA . ! & /@ . ‘ NG
.*\“.,:: t & . ) * @] .':?'.IIC"‘ on I//'% o b i : »

—

. .Thefa“' ~~~~~ “eM19T anfare}.{é Sgma , * @, % |
: e T M4A 2 ’
L 4 . > M K ) - :
® Tau L A
+ - a

. L CR, - ’ -e- Douhle/multiple star
) @ ‘anahle star

o o o - s & Globular star cluster
o L Epsilon e
Y i 7 o O Bright nebula
T A » - . s oo Planetary nebula
I SR Y \8:3“‘3 SCORPIUS ' % Y
o T e v g g T T . O Galaxy
Lo " lesatht . . - t ® . ¢
.. -ov“ s ‘\!. i .. + v i
5

n\ .

- | . b4 ™ o . »

7° finderscope field of view
¢ <

Finder chart for Messier objects in Scorpius. Star Watch, Philip S. Harrington



Please fasten seatbelts. Where we’re going . ..

Photo by Phil Fleming

... we don’t need no stinkin” hand controller!
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Let’s find P
M13:

: High overhead in
the summer sky

e Use the Summer
Triangle with
Vega as a pointer

Facing West

m
»
2
=

L
m
[y
L
S

e Orlook between
Vega and
Arcturus

. Find the 4 naked
eye stars of the
“Keystone”

Facing South

From S. French, Celestial Sampler



To the atlas,
Batman!

 Locate Eta (n) and Zeta
(c) of the Keystone

e  Center crosshairs on the
line between n and ¢

* Look for the “fuzzy star”
in the finderscope or
binoculars

e A4 field of a finder will
fit M13 and Eta

e  Start with low power

Pocket Sky Atlas, p. 52
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A low-power view of M13 can show NGC 6207:

12” f5 Dob, 27 mm Panoptic = 56X

SLX - MI3/ N6c 6207 (Her)

BoHr obiects Kt MAqu ke 12
Geld o the 2] wam f’Mapﬁc at
S56x, Steilking canbmst wilh Mi3
cla.zz.lzzj(u‘ (gprjh(-ovld dense with
resalued sans ard 6207 a4 fant

’ , c{or\jnd'ul Smoufjc LJ com'oc.r.son.
\//' The M-S ct-"rnd"lan of 62071 s ‘F!r More
appafent ot BSK . 6107 s v o.l” e
NE o MiZ A(me_s worth a cevisi o 5/1' sz (939)

Note the helpful “sentry stars” to the S and E of M13



Got M137?
Try for M92

"MO92: Class IV
Use tand n to locate the

5/6™ mag pair at the head
of Hercules

Continue another 3° NE to
target area; look for a
faint fuzzy star

Use low power eyepiece
first

Pocket Sky Atlas, p. 52
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Pocket Sky Atlas, p. 52

Got M92? Try /. '},{lo; "t
for NGC 6229 b
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- [ ]

Use stars you can see in the finder or a low-power
eyepiece to pinpoint the cluster’s location.

The only limit to how
you get there is your
imagination!

Pocket Sky Atlas, p. 52
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yaoN Bujoey

M5 in
Serpens is
worth the
hop!

Facing West

n
»
)
=

a
m
)
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-

Facing South

From S. French, Celestial Sampler
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M5, continued

3. Use Aand a to find a
flat pyramid of 6t mag.
suns to the SW about
1.5 finder views away.

4. M5 sits just N of 5
Serpentis and seems a
“fuzzy star” in
binoculars or a 9x
finder.

5. Once found, view at
low power, then pump
up the magnification
and enjoy!



yoN Bujoey

There’s
more
globular
booty
within the
Summer
Triangle!

Facing West
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Facing South

From S. French, Celestial Sampler



Let’s find M56
In Lyra:

1. Find brilliant Vega,
brightest star in the
Summer Triangle.

2. Connect the dots from
B toy Lyrae (stop by the
Ring Nebula, M57!).

3. Find Albireo.

4. Look 45% of the way
back from Albireo toy.

Another “faint fuzzy” is in
the bag!
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We’'re in the right
neighborhood for
M71 (Sagitta)

1. Use Albireo to locate four 4th
mag. stars of Sagitta, the Arrow,
two 4° finder views to the SSE.

Or, start with 15t mag. Altair and

go < 2 finder views to the N.
2. Locate 6 and y Sagittae.

3. Look about halfway between
and just SE of the connecting line.

While there, visit the Coathanger
and the Dumbbell Nebula (M27)!



YoN Bujoey

Globs abound
low in the
South, but our
time is short.

Facing West
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Tea, anyone?

Facing South

From S. French, Celestial Sampler



The Sagittarius Teapot brims with globular clusters.

How many can you count?
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M22
M28
M54
M70
M69

+ many
NGCs



Odds and ends

e Although many deep sky objects are best appreciated at low or
medium power, higher powers (e.g., 150-200X) can make
globular clusters pop

* More aperture => more light gathering => more resolved stars in
globular clusters

* Use low power until you find the target of interest, then increase
the magnification to see more details

e Estimating Shapley-Sawyer concentration is easier for Messiers,
harder for NGCs

* With practice, you will better appreciate the limits of your
equipment, the limits of sky conditions, and the difference
between “great” (M5, M13) and “ordinary” globular clusters



Jim K’s Observing Questions
for Describing Globular Clusters:

What is the general size and overall brightness?

Is the core bright, compact, or not distinguishable?

Are the stars concentrated in any one area? Highly concentrated?
Are the stars resolved fully or just at edges or are they diffuse?
Are there brighter stars in the cluster, do any stand out in color?
Are there areas where stars are absent within the cluster?

Does the size or shape change when using averted vision?

Are other objects of interest in the same field of view?



Final thoughts

Goodness gracious, these great balls of fire never
fail to please!

A key stepping stone to proving our non-centric
position in the galaxy and the existence of the
“island universes”

Omega Centauri

A source of continuing wonder: black holes!
An observing program within a summer’s grasp

Shapley-Sawyer classification: a way to organize
our thoughts

Star-hop your way to discovering these wonderful
objects

47 Tucanae



Thanks for your attention!

The Albuquerque
Astronomical Society

Observe, Educate, Have Fun

Visit www.taas.org to learn more
about what TAAS has to offer!




