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CO MOLECULAR GAS
M. GAS CARBO CARBONIS MONOXIDE
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WHAT IS CO MOLECULAR GAS?

• DISCOVERED ASTRONOMICALLY IN 1970

• SECOND MOST ABUNDANT MOLECULAR GAS

• AROUND 1 CO FOR EVERY 104 H2  LOCALLY

• FREQUENTLY FOUND IN MOLECULAR CLOUDS
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IMPORTANCE TO ASTRONOMY

• WE CAN’T SEE H2 GAS

• SYMMETRIC MOLECULE

• COLD H2 BARELY EMITS

• WE CAN SEE CO GAS

• ASYMMETRIC MOLECULE

• EMITS AT ~10K

• CAN BE USED AS A TRACER OF H2
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EMISSION & DETECTION

• MOST READILY OBSERVED TRANSITION LINE IS

J = 1 → 0

• 2.6 MM LINE

• CAN BE OBSERVED FROM THE GROUND

• EXCITED THROUGH COLLISIONS WITH H2 AND

THROUGH RADIATIVE TRAPPING

• OPTICALLY THICK GIVEN TYPICAL MOLECULAR

CLOUD DENSITIES
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CONVERSION FROM CO TO H2

• RELATIONSHIP BETWEEN CO LINE STRENGTH AND

H2  DENSITY FOR THE J = 1 → 0 TRANSITION

• X IS THE CONVERSION FACTOR

• STANDARD X FOR THE MILKY WAY IS

X = (2.3 → 2.8) X 1020 CM-2 (K KM S-1)-1

• X VARIES BASED ON METALLICITY AND GALACTIC

MORPHOLOGY

X = (0.6 → 10) X 1020 CM-2 (K KM S-1)-1
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USES AND APPLICATIONS

• CAN BE USED TO TRACE NON-EMITTING

MOLECULAR HYDROGEN

• BRIGHTNESS OF EMISSION LINES ACCURATELY

REFLECTS LOCAL TEMPERATURE

• HIGH RESOLUTION KINEMATIC DATA CAN BE

USED TO DETECT ANOMALIES SUCH AS BLACK

HOLES
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EARLY-TYPE GALAXIES
PRIMO-GENUS GALAXIES
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WHAT IS AN EARLY-

TYPE GALAXY?

• STEMS FROM THE APPEARANCE OF THE

HUBBLE TUNING FORK DIAGRAM

• INTERPRETATION THAT GALAXIES

EVOLVED ALONG THE DIAGRAM, 

FROM LEFT TO RIGHT
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“

”

THE NOMENCLATURE, IT IS EMPHASIZED, REFERS TO 

POSITION IN THE SEQUENCE, AND TEMPORAL 

CONNOTATIONS ARE MADE AT ONE'S PERIL. THE 

ENTIRE CLASSIFICATION IS PURELY EMPIRICAL AND 

WITHOUT PREJUDICE TO THEORIES OF EVOLUTION...

EDWIN HUBBLE

THE CLASSIFICATION OF SPIRAL NEBULAE, 1927
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WHAT IS AN EARLY-

TYPE GALAXY?

• GALAXIES TO THE LEFT OF THE FORK

ARE KNOWN AS “EARLY-TYPE

GALAXIES”

• E0 – E7, S0

• GALAXIES TO THE RIGHT OF THE FORK

ARE KNOWN AS “LATE-TYPE

GALAXIES”

• SA – SC, SBA - SBC
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PROPERTIES OF EARLY-TYPE GALAXIES

• PROPERTIES OF ELLIPTICALS!

• DO NOT EXHIBIT MUCH ACTIVE STAR FORMATION

• TYPICALLY THOUGHT TO NOT CONTAIN VERY MUCH GAS

• STARS DO NOT FOLLOW AN ORDERLY ROTATION

• INSTEAD EXPERIENCE MORE RANDOM MOTION
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ACTUAL PROPERTIES OF EARLY-TYPE GALAXIES

• STILL DO NOT EXHIBIT MUCH ACTIVE STAR

FORMATION

• DO CONTAIN GAS AND DUST: CO IS QUITE

PROMINENT

• STARS CAN FOLLOW AN ORDERLY ORBIT
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PSEUDOBULGES
TUMORES PSEUDO-
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WHAT IS A PSEUDOBULGE?

• CLASSICAL BULGES HAVE PROPERTIES SIMILAR TO THOSE OF ELLIPTICAL GALAXIES

• PRIMARILY COMPOSED OF OLDER STARS

• RESULTS IN A REDDISH HUE

• STARS HAVE MORE RANDOM, LESS ORDERED ORBITS

• RESULTS IN A TYPICALLY SPHERICAL SHAPE

• LACK GAS AND DUST

• TYPICALLY VERY LITTLE STAR FORMATION
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WHAT IS A PSEUDOBULGE?

• PSEUDOBULGES HAVE PROPERTIES MORE AKIN TO THOSE OF SPIRAL GALAXIES

• STARS ORBIT IN AN ORDERLY FASHION, SIMILAR TO THE STARS IN THE OUTER DISK

• RESULTS IN A DISK-LIKE SHAPE; “DISK-LIKE BULGES”

• CONTAIN SIMILAR AMOUNTS OF GAS AS IN THE OUTER DISK

• SIMILAR STAR FORMATION RATE AS IN TYPICAL DISK GALAXIES
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