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GIANT MOLECULAR CLOUDS

AN ENORMOUS, COLD AND DENSE CLOUD
OF GAS AND DUST

MASS CAN RANGE UP FROM 1023 TO
10”7 SOLAR MASSES

COMPOSED MOSTLY OF MOLECULAR
HYDROGEN BUT DIFFICULT TO OBSERVE
WHY ORION?

e NEAREST SITE OF MASSIVE STAR FORMATION

e LARGEST POPULATION OF PROTOSTARS
WITHIN 400 PC

* MORE REPRESENTATIVE ENVIRONMENT 1]
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ATACAMA LARGE MILLIMETER/SUBMILLIMETER ARRAY (ALMA)

* [N THE ATACAMA DESERT OF NORTHERN CHILE, 5000M IN ALTITUDE
* AVOIDS ATMOSPHERIC WATER VAPOR

* (CONSISTS OF 66 ANTENNAS, OBSERVING AT MILLIMETER AND SUBMILLIMETER WAVELENGTH
e MAIN ARRAY — 50 ANTENNAS , EACH 12M IN DIAMETER

* INTERFEROMETER — ACTS AS A SINGLE TELESCOPE WITH A MUCH BIGGER DIAMETER AND
RECONFIGURABLE

e PROVIDES MOLECULAR LINE SPECTROSCOPY FOR 12CO AND 13CO




OBSERVATIONS WITH ALMA

e A SURVEY OF 330 PROTOSTARS IN THE ORION A AND B cLouDS AT 0.09”
(38 AU) RESOLUTION

* LARGEST AND RELATIVELY UNBIASED SAMPLE WITH HIGH RESOLUTION AND
SENSITIVITY

e WORKED WITH ~80 SOURCES

e OBSERVE:

e DUST CONTINUUM — EVIDENCE OF MULTIPLICITY AND COMPACT, RESOLVED
STRUCTURES

e CO EMISSION LINES — TRACE THE COMPACT OUTFLOW EMISSION, ESTIMATE DISK
ORIENTATION, OBSERVE DISK KINEMATICS LIKE ROTATION
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DUST CONTINUUM IMAGES

e INTERACTIVELY CLEAN EACH SOURCE INDIVIDUALLY — USE CASA

e SELF-CALIBRATION — REFINED PROCESS USED TO FIND SYSTEMATIC PHASE SHIFTS OF
OUR SOURCE

* PHASE SHIFTS CAUSED BY ATMOSPHERE AND OBSERVATION CONDITIONS

* DIFFICULT TO GAIN MORE INFORMATION ABOUT ANY STRUCTURES
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CONTINUUM AND MOMENT 0 MAPS OF 12CO
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BOLOMETRIC TEMPERATURE VS.
BOLOMETRIC LUMINOSITY

* BOLOMETRIC TEMPERATURE —BLACKBODY
TEMPERATURE HAVING THE SAME FREQUENCY
AS THE SPECTRAL ENERGY DISTRIBUTION

_Sunj

e BOLOMETRIC LUMINOSITY — ENERGY
EMITTED ACROSS THE WHOLE
ELECTROMAGNETIC SPECTRUM
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e BOTH KNOWN FROM HERSCHEL ORION
PROTOSTAR SURVEY

Log Bolometrit

e FURLAN4+2016

e TBOL FURTHER DIVIDES PROTOSTELLAR
PHASE INTO CLASS 0 (<70K) AND CLASS 1

(<650K) 50 100 200
Log Bolometric Temperature (K)
e CHEN+1995




Evolution of Outflows
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BOLOMETRIC
TEMPERATURE VS.
DISK MASS

* (GAUSSIAN FIT = INTEGRATED FLUX =2 DISK
MASS ON <500AU RADII

e HEAVIER SOURCE AT EARLIER TIMES HAVE
MORE MASS TO ACCRETE AND MORE RAW
MATERIAL FOR FORMING COMPANIONS
AND/OR PLANETS

Log Mass (M_Sun)
L ]

e MASS PASSING THROUGH SMALL SCALES ON ITS
WAY TO THE STAR

* REFILLED BY INFALLING ENVELOPE

¢ MINIMUM MASS SOLAR NEBULA (MMSN) -
MINIMUM MASS TO BUILD 8 PLANETS

S0 100 200

* 0.01 SOLAR MASSES Log Bolometric Temperature (K)

e ~50 ABOVE



BOLOMETRIC
LUMINOSITY VS.
DISK MASS

EXPECT THE MASS TO INCREASE WITH
LUMINOSITY

LITTLE EVIDENCE OF CORRELATION
CURRENTLY

MIGHT IMPROVE WHEN ALL OF THE
SOURCES ARE CALCULATED
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BLUE TRIANGLES — NON-DETECTIONS

5e-01 Se+00 Set+01 Set+02

Log Bolometric Luminosity (L_Sun)




CONCLUSION

SELF-CALIBRATED SOURCES USING CASA

ANALYSIS OF DISK MASSES USING CONTINUUM
e DISKS MORE MASSIVE AS YOUNGER TIMES? YES

e EXAMINE SYSTEMATIC DIFFERENCE IN DISK MASS B/W HIGHER AND LOWER LUMINOSITY
SOURCES

NEXT, CALCULATE DISK MASSES FOR THE REST OF SAMPLE AND ANALYZE AGAIN

MODIFY THE DISK MASS EQUATION PARAMETERS FOR EACH SOURCE
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