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ABSTRACT

In orderto further our understandingf the structureof the broademission-lineregionsof AGNs, we have
analyzedhe Seyfert galaxies3C-120,Mrk 79,andMrk 704 usingrelative andabsolutephotometriomethods.
This will hopefullyleadto anability to usereverberatiormappingto estimatethe geometryand massof the
centralregions of theseobjects. We also provide an overview of the currentmodel of an AGN and a brief

descriptionof thetechniqueof reverberatiormapping.

Subjectheadings:galaxies:active, photometryindividual (3C-120,Mrk 79, Mrk 704)— techniquesphoto-

metric

1. INTRODUCTION

This sectionis intendedo provide a cursoryintroductionto
theanatomyof AGNsandthetechniqueof reverberatiormap-
ping. It is far from exhaustve, andmuchmorein-depthdis-
cussionof thesetopicsmay be foundin the worksincluded
in thereferences.

1.1. AGNsandtheBroadLine Ragion

In 1943, Carl Sg/fert noticedthe similaritiesin the emis-
sion line spectraof a handful of galaxies. A few of these
objectswereidenti ed asradio sourcedn 1955,andinterest
in Seyfert's galaxieswasrenaved. Otherradio suneys dis-
coveredtheobjectsknown asquasarsandtheseogethemwith
theSeyfert GalaxiesandotherluminousX-ray sourcesall un-
derthe category of active galaxies,or AGNs whenreferring
speci cally to the nucleus. This centralregion is typically
much brighterthanthe disk of the galaxy itself; in general,
little besideghenucleuscanberesohed.

Thecurrentlyaccepteanodelof atypical AGN beginswith
a centralblack hole. The massesf theseobjectscanvary
greatly but are typically in the rangeof 10° to 10° solar
massegPetersorl997). Theseblack holesarethe “engines”
of the objects,providing the gravitational enegy thatpowers
all theotherprocesses.

Surroundingheblackholeareanaccretiordisk of infalling
matter abroad-lineregion,andanarrav-line region (Peterson
2004).Thebroad-lineregionis occupiedby gascloudsof rel-
atively high density;theseareresponsibldor the broad(10°
to 10* km/sec)permittedlines obseredin Seyfert 1 spectra.
At a muchgreaterdistancelies the narrav-line region. The
lower-desnity clouds here producethe narrav (10° km/sec)
forbiddenlines obseredin Seyfert spectraof all types. Fig-
urel shavs aschematianodelof an AGN.

This studyseekgo re ne our knowledgeof the BLR struc-
turesof threeobjectsin particular:3C-120,Mrk 79, andMrk
704 (seealso Table 1 and Figures2, 3, and4). We present
optical dataspanningthe time period 2001 - 2007 for these
objects.
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1.2. Reverbeation Mapping

Reverberationmappingis a techniguecommonlyusedto
infer the size and geometryof the BLR. The rst stepis to
trackthevariationsin anAGN'sluminosity, ideally overmary
years. To the light curvesthus obtained,one can apply the
cross-corelationfunction

Z 1

Leer(é) = L()C(t- ¢)dt;
-1

whereg, is thetime delaythatmustoccurwhenthelight emit-
tedby thesourcetravelsto andis re ectedby theBLR clouds
(Petersor2004). Naturally, ¢, will dependon the character
istic size of the region andthe particularshapeof Lece will
dependnits geometry

In generalprightneswvariationwith alongerperiod(thatis,
slower uctuations)indicatesalargerBLR andmoremassve
centralblackhole. However, we have notyetbegunthiswork,
becauseve wantabetterideaof the shapeof thelight curves.
Thiswill requireseveralmoreyears'data.

2. OBSER/ATIONS

The imagesusedin this study were obtainedusing the
SARA 0.9-m telescopeat Kitt PeakNational Obsenatory
We took shorf CCD exposuresalthoughsomehadto be ex-
tendedto achieve a usefulsignal-to-noiseatio, which occa-
sionallyresultedn elliptical images.Duringtheperiod2001-
2007 threedifferent ApogeeCCD camerasvere used: AP7
(512£ 512pixels, 6:2%-squar@mage),U55 (770£ 1152 pix-
els,8:7°£ 13:0°image),andU42 (1024£ 1024pixels, 13:9%
squareimage). Imageswere obtainedwith Johnson, R, V,
andB lters on nearlyevery night of obsenation. A few im-
ageswerenot usedin the suney becausef very poorimage
quality or excessvely largeerrorin thecalculatednagnitudes
(seeSection3.1).

3. PHOTOMETRY

In orderto determinehe magnitude®f our AGNs,we had
to combinetwo differentphotometrictechniques.The stars
near3C-120,Mrk 79, and Mrk 704 do not have published

2 approximately60 to 360 secondsgdependingon the object, ®lter, and
conditions.
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TABLE 1
POSITIONS AND REDSHIFTS FOR 3C-120, MRK 79, MRK 7041y

Object  ®(2000)

+(2000) z 122 R2? V2?2 B2?

+05%21019%0
+49t 48°4100
+16+18%20%

0:0331 150
0:0219 150

3C-120 04"33M10:8°
uMrk 79  07'42m32:45
Mrk 704 09'18M26:15

150 220 300
180 240 360
0:0299 60 60 80 120

lydeVaucouleurstal. (1991)
22 Typical CCD exposuretimes(secondsjor SARA telescope.

FiG. 1.— A generalizednodelof anAGN.

\"

FIG. 2.— 3C-120with comparisorstars.

magnitudesn all the Iters we require,so the rst stepin
the processvasto usean absolutephotometrictechniqueto
determinevaluesfor thosestarsandverify thatthey werenot
variable.Oncewe obtainednternally-consistentnagnitudes,
we wereableto nd AGN magnitudesndplot light curves.

The comparisonstarswe usedare labeledin Figures?2
through4.

3.1. Absolutewde-BandPhotometric
Reduction

Determiningabsolutemagnitudesf comparisonstarsus-
ing this methodrequiresseveral imagesof differentpartsof
the sky from the samenight. At leasttwo of theseimages
mustbe of standardstar elds with differentairmassesand

FIG. 3.— Mrk 79 with comparisorstars.

FIG. 4.— Mrk 704with comparisorstars.

oneof thetarget eld. Theimagesusedmustalsohave been
takenonanightwith photometricconditionsthatis, onewith
acompletelyclearsky. Thisis asomevhatrareoccurrenceat
the SARA telescopebut appropriateconditionswere nally
encounteredn March 2007, which allowed us to undertale
thiswork.

The rst step,oncethe imageshave beenobtained,is to
calculatetheinstrumentamagnitudesndcolor indicesusing
ux es(Solor) Obtainedirom the standardstar elds:

v=-2:5logS,
b- v=-2:5l09($=S))
V- r=-2:5l0g(S/=%)
r-i=-25log(SR=9):
1)
Thenwe mustcorrectfor atmospheri@xtinction — the ux

of eachobjectis dimmedrelative to theairmasdor the eld' s
positionandthe conditionsof the night.
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TABLE 2
ABSOLUTE PHOTOMETRIC COEFFICIENTS FOR 2007 MARCH 15.

First-order Second-order Transformation Transformation

extinction extinction slope intercept

K =0:2112  KP=+0:0382 2 =+0:0147 3y =+22:030
kg_v =0:0562 k%?v =-0:1235 1 =+1:0660 gy =-0:5819
k). g =0:1411 ('Jd? =-00197 A=+10270 3y.gr=+0:0861
kG, =0:2091 k&% =+0:0393 A=+1:1850 3R =+0:3835

Vo=V- K)X - K){b- v)X
(b- V)o=(b- v)- k3., X- k%, (b- V)X
(V- 1)o=(v- 1)- Ky gX - KP&(b- V)X
(r-)o=(r-i)- k&, X- k&, (b- v)X
(2)

Finally, thesemagnitudesnustbecornvertedto thestandard
Johnsorphotometricsystem.

V =V +2(b- v)o+3y
B-v=t (b- V)o +3g.v
V- R=A(V- 1)o+3v.R
R-1=A(r-i)o+3r
3)

The coefcients in the abore equationsare speci ¢ to the
nightused.Our dataarefrom 2007March 15, andthenumer
ical valuesof thecoefcients areshovn in Table2.

After preliminary magnitudeshave beencalculatedusing
this method,the valuesmustbe checled for internalconsis-
teng andto make surethat noneof the starswe choseare
variable.Thisis doneby usingthe magnitude®btainedo do
relative photometryin MIRA (seeSection3.2) — preferably
on imagesfrom all available nights — then comparingthe
calculatednagnitude®f the comparisorstarsto theadjusted
onesfrom MIRA's output.

3.2. RelativePhotometrywith MIRA

MIRA is a commerciallyavailableimageprocessingoft-
warepackagemarketedby Axiom researchMIRA's built-in
relative (or “aperture”) photometryprocesss relatively sim-
ple andwill notbedescribedn detailhere.

Relative photometryis a processhy which the magnitude
of a tarmget object can be determinedoy comparingits ux
throughan aperturewith thoseof comparisorobjectsin the
sameimage. MIRA's outputalsorecalculatesaluesof the
comparisorstarsthemseles,whichwe usedto determinghe
internalconsisteng of thecalculatednagnitudesAfter those
valueswereadjustedasnecessarywe performedelative pho-
tometryon every imageagain to nd AGN magnitudesand
producedight curves(Tables6—8; Figuresb—7; Sectiord).

4. RESULTS
4.1. ComparisorStarMagnitudes

The nal comparisorstarmagnitudedor our threeAGNs
(with error) areshavn in Tables3, 4, and5. Stars3 and4
in 3C-120shouldbe appliedwith only half weightwhenused
for relative photometrybecausef theirdimness—theandom
uncertaintyin their magnitudess very high.

TABLE 3
3C-120 COMPARISON STAR MAGNITUDES.

Star B \Y R |

16138 0:07 15368 0:03 14948 0:03 14538 0.04
16:358 0:07 151448 0:.03 14:898 0:03 14418 0.03
17568 0:17 16:608 0:09 15968 0.07 15398 0:10
17568 0:13 16:618 0:.05 16058 0:05 15548 0:08

AWNPF

TABLE 4
MRK 79 COMPARISON STAR MAGNITUDES.

Star B \ R |

1 15:638 0:04 14978 0:.02 14548 0.02 14138 0:.04
2 14948 0.05 14398 0:01 13998 0:02 13658 0:02
3 15228 0:03 14368 0:01 13818 0:.02 13268 0:.02

TABLES
MRK 704 COMPARISON STAR MAGNITUDES.

Star B \Y R |

1 15:198 0:.04 14:648 0:.04 14268 0.03 13938 0:.02
2 15388 0:04 14908 0.05 14548 0.02 14.238 0:02
3 15248 0:03 14598 0:06 14148 0:02 13688 0.02

TABLE6
MAGNITUDES OF 3C-120.

Juliandate | R \ B

2452156.91 13.682 14.108 14.544 15.203
2452207.78 13.704 14.135 14.646 15.360
2452234.79 13.694 14.006 14.630 15.159
2452240.74 13.647 13.999 14.694 15.182
2452331.68 13.650 14.199 14.685 15.398
2452529.96 13.475 13.833 14.360 14.963
2452576.77 13.456 13.818 14.262 14.887
2452597.78 13.372 13.765 14.178  ¢¢¢

2452624.73 13.364 13.818 14.271 14.846
2452662.65 13.396 13.799 14.350 14.899
2452669.68 13.466 13.807 14.363 14.915
2452899.02 13.708 14.086  ¢¢¢ ¢ee

2452949.80 13.564 13.936 14.432 14.959
2453052.66 13.585 13.907 14.485 ¢

2453395.69 13.597 14.057 14.501 15.192
2453437.64 13.650 14.092 14.652 15.321
2453626.91 13.367 13.797 14.319 14.964
2453670.79 13.483 13.838 14.369 14.971
2453766.65 13.673 14.089 14.608 15.269
2453997.92 13.674 14.085 14.599 15.267
2454029.85 13.625 14.044 14.611 15.299
2454055.85 13.692 14.123 14.774 15.419
2454083.69 13.866 14.227 14.792 15.577
2454116.70 13.778 14.190 14.746 15.540
2454153.66 13.601 14.030  ¢¢¢ ¢oe

2454174.64 13.581 13.944 14.463 15.194

4.2. Light Curves

With the adoptionof comparisorstarmagnitudeswe were
ableto determineB, V, R, andl magnitudegor 3C-120,Mrk
79, andMrk 704 for eachnight of obsenation andto create
light curves. Thesedataare collectedin Tables6 through8
andFiguresb through?.
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TABLE 7
MAGNITUDES OF MRK 79.

Juliandate |

R

Y

B

2451983.64 13.364
2452207.91 13.604
2452240.82 13.475
2452319.74 13.402
2452331.72 13.427
2452382.64 13.317
2452597.98 13.133
2452624.88 13.181
2452662.73 13.129
2452669.77 13.159
2452751.66 13.316
2452949.92 13.213
2453052.72 13.203
2453395.75 13.258
2453437.68 13.238
2453514.64 13.431
2453670.98 13.386
2453766.69 13.454
2453787.70 13.379
2454030.00 13.364
2454055.97 13.409
2454083.74 13.442
2454116.74 13.371
2454153.68 13.338
2454174.68 13.439
2454209.66 13.476
2454216.72 13.489

13.807
14.144
13.945
13.870
13.848
13.836
13.555
13.599
13.571
13.611
13.739
13.568
13.668
13.699
13.710
13.750
13.873
13.909
13.812
13.860
13.920
13.878
13.887
13.846
13.846
14.012
14.095

14.377
14.740
14.538
14.423
14.366
14.319
14.090
14.106
14.127
14.133
14.315
14.170
14.222
14.225
14.214
14.453
14.512
14.589
14.503
14.505
14.499
14.445
14.466
14.417
14.521
14.656
14.704

14.853
15.395
15.069
14.987
14.871
14.847
14.480
14.475
14.471
14.537
14.818
14.570
14.659
14.707
14.662

15.013
15.048
15.074
15.112
15.264
15.209
15.086
15.119
15.175

15.484

TABLES8
MAGNITUDES OF MRK 79.

Juliandate |

R

\%

2451983.67 13.413
2452240.86 13.559
2452319.77 13.490
2452382.70 13.424
2452412.66 13.403
2452598.02 13.494
2452624.98 13.473
2452669.82 13.453
2452751.71 13.478
2452950.04 13.489
2453052.74 13.605
2453071.81 13.622
2453395.79 13.577
2453437.72 13.498
2453465.73 13.565
2453671.01 13.622
2453766.71 13.607
2454030.02 13.512
2454055.98 13.469
2454116.78 13.360
2454153.71 13.370
2454174.71 13.370
2454209.71 13.391
2454216.70 13.436
2454248.66 13.412

13.938
14.054
13.906
13.834
13.849
13.963
13.942
13.937
13.943
13.916
14.102
14.138
¢ee
13.998
14.098
14.097
14.140
13.938
13.863
13.832
13.845
13.863
13.841
13.882
13.950

14.461
14.564
14.423
14.349
14.362
14.499
14.474
14.481
14.531
14.522

14.672
14.567
14.563
14.626
14.653
14.621
14.487
14.374
14.356
14.372
14.325
14.387
14.427
¢ee

14.972
15.040
14.850
14.780
14.731
14.995
14.958
14.940
14.999

15.223
14.927
15.058
15.130
15.166
15.159
15.008
14.916
14.820
14.851
14.929
14.971
14.867
o
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FIG. 5.— Thelight curvesfor 3C-120.

FIG. 6.— Thelight curvesfor Mrk 79.

The photometricuncertaintiesare typically 0.02 to 0.04
magin |, R, andV, and0.02to 0.05magin B. In theplots,the

errorbarswould be on the orderof the sizeof the spotitself.

Somedatapoints have beenomitted becausef excessie
error Wefeelthisis justi ed becausegpn someoccasionsthe
imagequality waslessthandesirable.

FIG. 7.— Thelight curvesfor Mrk 704.
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5. CONCLUSION . This prpjectwasfundedby a partnershigbetweerthe Na-
Althouah we are not vet readvto beain working on rever- tional ScienceFoundation(NSF AST-0552798), Research
berationr?wappingfor 3(¥-120,Mr)ll< 79i?1nerk 70%1,we have Experiencedor UndegraduategREU), andthe Department

determinedmagnitudesfor comparisonstarsthat areinter Defegse(DgD) ASSUREg\warqsto Stimulateand Sup-
nally consistentand assembledight curves using datafrom portUndegraduateResearctExperiencesprograms.
2001March15through2007May 28.
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