Evolution of Black Hole Masses from Spectra of Quasar Gas Dynamics,  Amanda Schilling and Julia Kennefick,  Arkansas Center for Space and Planetary Sciences, University of Arkansas, Fayetteville, AR 72701.aschilli@uark.edu.


Introduction:  Quasars are a type of Active Galactic Nucleus or AGN.  They emit large amounts of radiation and are luminous enough to be detected from billions of light years away.  AGN are powered by super massive black holes.  There is an accretion disk around the black hole and jets that shoot out perpendicular to the disk.  In the volume around the black hole is the Broad Line Region, BLR, where gas is orbiting at high velocities.  The name BLR comes from the fact that the high orbital velocities cause Doppler broadening of emission lines of the gas in this region.  There is also a Narrow Line Region, where gas is less dense and moves at lower velocities, and a torus of cool gas and dust on the outer edge of the AGN.  A quasar is an AGN that we view at such an angle as to reveal the Broad Line Region.  It is believed that quasars are early galaxies and therefore studying them can lead to knowledge about the evolution of galaxies. 


Objective:  This project involves examining a group of 45 quasars with cosmological redshifts between 1.85 and 4.26 correlating to look-back-times of 10-12 billion years.  Spectra from the BLR of these quasars are evaluated to determine the masses of the black holes that the gas is orbiting.  The goal is to determine how masses of super massive black holes change over time.  It is for this reason that we chose quasars with a range of cosmological redshifts.


Methods: The gas in the BLR is assumed to obey Keplerian motion and so we use the following formula to calculate the mass of the black hole:
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where RBLR is the size of the broad line region and vFWHM is the velocity of the gas in the BLR calculated using the full-width-at-half-maximum of the Doppler broadened emission line.  The mass of the black hole is calculated in terms of the mass of the sun.

Spectra of our quasar sample were taken from the SDSS (Sloan Digital Sky Survey) database.  We used the CIV emission line from these spectra to calculate velocity.  Below is an example of a spectrum of one of our quasars.  Notice how the CIV emission is not an emission “line” but is broadened due to Doppler shifts.
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Figure 1:  Spectrum from SDSS database
The slope to the left of the peak indicates blueshifting or the gas moving toward a viewer and the slope on the right is redshifting.  Redshift and blueshift together means the gas is orbiting and by measuring the amount of either blue- or redshift one can determine the velocity of the gas.  We used IRAF (Image Reduction and Analysis Facility) software to estimate the FWHM of the CIV emission line.  Half of the FWHM is the amount that the gas is Doppler shifted.  Using this information velocity can be calculated with the following:
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where (( is the difference in the shifted wavelength from the peak, or rest, wavelength.  (o is the peak wavelength, and c is the speed of light (3x105 km/s was used).  It was  not necessary to use the relativistic formula since most of our speeds were well below the speed of light.


Results:  Though we chose quasars from a range of cosmological redshifts, it is a fact that most quasars that have been discovered have redshifts around two.  Our sample also reflects this fact.

	Quasar Sample

	RA (hrmmss.ss)
	Dec (dgmmss.s)
	z (redshift)

	123947.61
	+002516.2
	1.8483

	143641.25
	+001559.9
	1.8666

	103427.57
	-002234.0
	1.8698

	121655.40
	+001415.3
	1.8704

	110725.70
	+003353.9
	1.8711

	103204.74
	-001119.2
	1.8721

	132742.92
	+003532.7
	1.8735

	135605.41
	-010024.4
	1.8746

	123514.95
	+004740.7
	1.8751

	141015.37
	-001419.0
	1.8760

	095938.29
	-003500.9
	1.8761

	095048.48
	-000017.8
	1.8802

	115115.38
	+003827.0
	1.8806

	123505.92
	-003022.4
	1.8812

	145838.05
	+002418.0
	1.8856

	101119.95
	-004145.4
	1.8877

	102517.59
	+003422.0
	1.8884

	100423.27
	-004042.9
	2.7320

	143307.40
	+003319.0
	2.7437

	145757.04
	+003639.0
	2.7599

	133647.15
	004857.2
	2.7959

	121920.27
	+010736.2
	2.8009

	131128.35
	+004929.8
	2.8085

	124551.45
	+010505.0
	2.8087

	105808.47
	+003930.6
	2.8152

	150611.23
	+001823.6
	2.8249

	094745.27
	-004113.2
	2.8283

	121323.95
	+010414.7
	2.8300

	102832.09
	-004607.0
	2.8596

	122730.38
	-010446.1
	2.8701

	121933.26
	+003226.5
	2.8793

	125241.55
	-002040.6
	2.8934

	120138.56
	+010336.2
	3.8475

	094822.97
	+005554.4
	3.8779

	121531.56
	-004900.5
	3.8830

	135828.74
	+005811.4
	3.9237

	104837.40
	-002813.6
	3.9918

	110813.86
	-005944.6
	4.0200

	111224.19
	+004630.3
	4.0347

	105602.38
	+003222.1
	4.0361

	141315.36
	+000032.3
	4.0772

	105902.73
	+010404.0
	4.0966

	131052.51
	-005533.3
	4.1568

	105254.60
	-000625.8
	4.1795

	122600.68
	+005923.6
	4.2586


Figure 2:  Our sample listed by location and cosmological redshift

We were able to calculate the velocities for most of the quasars in our sample.  The following graph shows the velocity of the gas as a function of cosmological redshift.

[image: image4.emf] Velocity vs. Redshift

0

1000

2000

3000

4000

5000

6000

0 1 2 3 4 5 6 7

cosmological redshift

velocity (km/s)



The velocities of the gas in the broad line region are quite scattered on this graph but the calculated trend line (shown on the graph) indicates that the quasars from the more distant past (i.e. higher cosmological redshifts) have BLRs with lower velocities.  There were a few points that were left off of this graph due to some complications.  Some of the spectra showed self-absorption on the CIV emission line and therefore an accurate FWHM was not possible at this point.


Conclusions:  The fact that our velocities tend to increase with decreasing redshifts indicates that the masses of the black holes are smaller at larger redshifts since MBH is proportional to v2.  We believe this is reasonable.  A black hole should become more massive as time passes. Because the gas and dust around the quasar’s black hole moves at high velocities, there will be collisions and some of the gas and dust will be captured by the black hole’s gravity.

The next step in this project will be to calculate the size of the broad line region, RBLR.  There is a correlation between the size of the region and the quasar’s continuum luminosity and so luminosity will need to be found.

We will also need to find a way to account for the self-absorption in the CIV line in some of the spectra or else eliminate those particular quasars from our sample.

References:  Eq (1). Vestergaard, M. “Determining Central Black Hole Masses in Distant Active Galaxies.” The Astrophysical Journal, 571:733-752, 2002 June 1. 
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