SHORT TERM VARIABILITY IN QUASAR MAGNITUDE: OPTICAL OBSERVATION OF QUASARS OVER A 30-40 DAY PERIOD TO SET LIMITS ON PHYSICAL PROPERTIES OF THE OBJECTS.  
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Introduction:  The study of short term variability in quasar magnitude is important for determining the limits to the structure of the quasar1.  Short term variability studies are difficult to do with large research telescopes because data must be sampled on a regular basis and availability is an issue.  Smaller telescopes tend to be more readily available, but cannot resolve dimmer quasars.  Variability in quasars is primarily the result of fluctuations in the matter density of the accretion disk.  As the distance from the event horizon decreases, the accelerated matter will release more gravitational potential energy and increase the brightness of the quasar gradually.  Over the short term, new matter being caught in accretion disk or loss of matter can result in day to day fluctuations in luminosity.  An instantaneous Luminosity change will be observed smeared out over a time interval (Δt).  Light from the edge of the quasar will reach the observer at time Δt before light from the inner portion of the disk.  A measure of the Δt of the variation can yield the Radius of the emitting region via:R=cΔt/γ2. Knowledge of this radius and the luminosity of the quasar can yield estimations of the mass of the central block hole and a range for mass accretion rate of the accretion disk given by: dM=Ldisk/ηc2 where 0.0572≤η≤0.4232.  To get precise enough measurements of Δt data must be sampled nearly continuously of a quasar that is varying.  Studies of this sort have been carried out using radio loud quasars for some time as RLQ's often exhibit intra-nightly variations1.  A study was also done using a 0.6m telescope of 18 Radio Quiet Quasars in 2004 searching for microvariability on a nightly scale1.  The QUEST1 survey, completed in 2001, was an attempt to use long term variability to discover quasars3.  Variability of 0.15 mag was expected in 50% of all quasars over a 2 year period3.  Observing quasars a few times a week over a short (~30-40 days) time period could reveal information about the day to day activity of the quasar as well as set an upper limit on the radius of the accretion disk and reveal possible long term trends as they occur.    


Data Collection Methods:  Observation for our study was carried out using the 24 inch NFO Webscope located near Silver City, New Mexico, USA.  The Webscope has a 2048x2048 pixel CCD camera with a pixel scale of  0.78192 arc seconds.  Requests were submitted every other day for red (R) and green (V) images via an Automatic Telescope Instruction Set (ATIS) remotely.  R and V filters were both used for this variability analysis to better corroborate variability trends and reduce uncertainty.  Exposure times were 200-300 seconds with the limit of detection being mag<18.  This experiment will test the limits of telescopes like the NFO webscope and their ability to accurately do quasar variability astronomy in addition to the other goals.     

Sample Selection:  In order to increase sample size without running out of allotted telescope time, the sample quasars were selected to cover the widest range of variables (redshift, magnitude, type) while still being likely to give accurate results on this size telescope.  A computer program which searched the NASA Extragalactic Database (NED)4 for quasars of magnitude < 18 organized all observable quasars within the range RA 14:50:00 to 20:30:00 and DEC -05º00'00” to 60º00'00” based on magnitude, redshift, and observable distance (in arc minutes) from each other.  In the end, 5 quasars were selected, but only 3 areas of the sky had to be observed because 2 areas had 2 such quasars within 20 arc minutes of each other.  Having two quasars to study in the same image can also be a means of corroborating evidence of variation in a quasar and will be used as such later in this study. Table 1 below lists the selected quasars, their coordinates, redshift, apparent and absolute magnitude, distance (Co-moving), Monochromatic Luminosity (in V and R) and their ultimate reason for being selected for this study2.  The properties in Table 1 were determined using published, not observed values4.  These values will be used as the baseline for determining the magnitude of variation.      

Analysis Methods:  Three 200-300 second exposures using the V and R filters were taken of each sample area per collection period.  The nightly images were aligned and stacked using IRAF5 and SourceExtracter6 (SE).  For each of the three areas of the sky photographed, the night with the best “seeing” image was taken as the standard that all other nights would be compared to.  For the sake of this experiment, the quasars on those standard images are assumed to have the properties listed for them in Table 1.  Night-to-night variations were found using differential photometry.  A computer program was developed to scan every moderately bright star in the image over the entire data collection period.  The five stars which had the closest pattern of magnitude variation that still fit the general trends were assumed to be stable stars selected to act as the standards for photometry.  

Data:  Data was collected for the quasars from June 4th to July 7th.  No significant long term trends were observed.  Variations on the weekly and daily time scale were observed for some quasars studied.  The results for each quasar are listed below:

MRK 0877 – In both the red and green color filters, quasar MRK 0877 showed a maximum increase in magnitude of 0.0265 +/- 0.0151 in R (0.0237 +/- 0.0187 in V) first observed June 10th which dipped back down to original levels July 1st with a peak on June 17th.  While this increase was small, it was constant for at least 21 days and apparent in both R and V filters, therefore it can be considered an observed variation.  

3C-334 – This quasar showed the greatest variation of all observed quasars.  For most of the observing period in both red and green filters 3C-334 showed little to no variability.  In the days leading up to June 21st the magnitude showed a slight decreasing trend.  On June 21st in both color filters the quasar jumped in magnitude by a significant amount.  A single night increase of 0.1176 +/- 0.0465 in R and 0.5602 +/- 0.0474 in V occurred.  The next date of recorded data (June 27th) shows the quasar returned to previous levels.  Fig. 1 shows the variability of Quasar 3C-334 in both color filters. 
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Figure 1 - Magnitude versus date for quasar 3C-334 in both R and V color filters.

HS 1603+3820 – The standard model for active galactic nuclei suggests that larger and more luminous quasars are less likely to show a great deal of day-to-day or intra-night changes because of both their large Δt and the large amount of matter in the accretion disk7.  This theory is supported by the data collected for HS 1603+3820, as no appreciable variation in either color filter was detected nor were any trends noticed that appeared in both colors.

QUEST – Both the QUEST quasars were partially selected for the sake of determining if the NFO webscope could be used for quasar variability.  These quasars are known to vary from the QUEST survey.  QUEST J1507-0202 was the brightest quasar surveyed in this study and QUEST J1507-0207 was the dimmest.  It is clear from the large amount of magnitude variability observed for quasar QUEST J1507-0207 that did not correlate between colors as well as the high error bars for this quasar, that it was too dim to be studied accurately with the Webscope.  Therefore a lower magnitude limit for quasar variability analysis for the NFO Webscope has been determined to be at least 17.3.  QUEST J1507-0202 showed a definite downward trend in magnitude in green, but held relatively steady in red with the exception of a 0.0558 +/- 0.01 drop in magnitude on July 1st which returned to previous levels on July 5th.  The data for these quasars was taken less often that for the other quasars in this study because the moon was more often interfering with the images and causing saturation.       

Results:  Three of the five quasars studied in this survey showed evidence of variability.  Quasar 3C-334 showed a large single variation on a day to day basis, setting an upper limit on its Δt of 2 days.  Quasar MRK 0877 showed a moderate time scale variation which held constant for 21 days before returning to previous levels.  Quasar QUEST 1507-0202 suggested some evidence of a long term downward trend, but only in one color.  Table 2 below lists the maximum observed variation in the V filter for each of these three quasars as well as a calculation of the monochromatic luminosity change that variation represents.  

	Quasar
	Max Variation (mag)
	ΔLV/LSUN
	Error (Variation)

	MRK 0877
	0.0237
	2.71E+09
	+/- 0.0187

	3C-334
	0.5602
	6.6236E+11
	+/- 0.0474

	QUEST 
	-0.0385
	-6.28374E+11
	+/- 0.0145


Table 2 - Maximum observed variability of the three varying quasars
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Quasar�
RA (2000)�
Dec (2000)�
z�
mV, MV�
mR, MR�
Dco (L yr)�
LV (erg/s),


 (LV/LSUN) �
LR (erg/s), (LR/LSUN)�
Reason for Selection�
�
MRK 0877�
16h20m11s�
17º24'28”�
0.1124�
15.39


-22.96�
15.04


-23.31�
1.45E+09�
4.7E+44


1.22E+11�
6.5E+44


1.684E+11�
Low Redshift, UV, IR Xray�
�
3C-334�
16h20m21s�
17º36'24”�
0.5551�
16.41


-25.22�
16.14


-25.49�
5.54E+09�
3.75E+45


9.72E+11�
4.83E+45


1.25E+12�
Low to Moderate z, RLQ,IR�
�
HS 1603+3820�
16h04m55s�
38º12'01”�
2.5100�
15.64


-28.73�
15.13


-29.24�
13.04E+09�
3.98E+46


1.03E+13�
1.52E+47


3.94E+13�
Very High L, Very High z�
�
QUEST J1507-0202�
15h07m24s�
-02º02'13”�
1.0900�
14.53


-28.38�
13.96


-29.22�
8.62E+09�
6.9E+46


1.79E+13�
1.5E+47


3.89E+13�
High mag, High z, Disc. by Variability�
�
QUEST J1507-0207�
15h07m07s�
-02º07'29”�
1.9200�
17.31


-25.68�
16.77


-27.15�
11.60E+09�
1.35E+46


3.50E+12�
2.22E+46


5.75E+12�
High z, Low mag, Disc. by Variability�
�
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