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ABSTRACT
In orderto furtherour understandingof thestructureof thebroademission-lineregionsof AGNs,we have

analyzedtheSeyfert galaxies3C-120,Mrk 79,andMrk 704usingrelative andabsolutephotometricmethods.
This will hopefully leadto anability to usereverberationmappingto estimatethegeometryandmassof the
centralregionsof theseobjects. We alsoprovide an overview of the currentmodelof an AGN anda brief
descriptionof thetechniqueof reverberationmapping.
Subjectheadings:galaxies:active, photometry, individual (3C-120,Mrk 79, Mrk 704)— techniques:photo-

metric

1. INTRODUCTION

Thissectionis intendedto provideacursoryintroductionto
theanatomyof AGNsandthetechniqueof reverberationmap-
ping. It is far from exhaustive, andmuchmorein-depthdis-
cussionsof thesetopicsmaybe found in theworks included
in thereferences.

1.1. AGNsandtheBroadLineRegion

In 1943,Carl Seyfert noticedthe similarities in the emis-
sion line spectraof a handful of galaxies. A few of these
objectswereidenti�ed asradiosourcesin 1955,andinterest
in Seyfert's galaxieswasrenewed. Otherradio surveys dis-
coveredtheobjectsknown asquasars,andthesetogetherwith
theSeyfertGalaxiesandotherluminousX-raysourcesfall un-
der the category of active galaxies,or AGNs whenreferring
speci�cally to the nucleus. This central region is typically
muchbrighter than the disk of the galaxy itself; in general,
little besidesthenucleuscanberesolved.

Thecurrentlyacceptedmodelof atypicalAGN beginswith
a centralblack hole. The massesof theseobjectscan vary
greatly, but are typically in the rangeof 106 to 109 solar
masses(Peterson1997).Theseblackholesarethe“engines”
of theobjects,providing thegravitationalenergy thatpowers
all theotherprocesses.

Surroundingtheblackholeareanaccretiondiskof infalling
matter, abroad-lineregion,andanarrow-line region(Peterson
2004).Thebroad-lineregionis occupiedby gascloudsof rel-
atively high density;theseareresponsiblefor thebroad(103

to 104 km/sec)permittedlinesobserved in Seyfert 1 spectra.
At a muchgreaterdistancelies the narrow-line region. The
lower-desnitycloudshereproducethe narrow (102 km/sec)
forbiddenlinesobserved in Seyfert spectraof all types.Fig-
ure1 shows aschematicmodelof anAGN.

Thisstudyseeksto re�ne ourknowledgeof theBLR struc-
turesof threeobjectsin particular:3C-120,Mrk 79,andMrk
704 (seealsoTable1 andFigures2, 3, and4). We present
optical dataspanningthe time period2001- 2007for these
objects.
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1.2. ReverberationMapping

Reverberationmappingis a techniquecommonlyusedto
infer the sizeandgeometryof the BLR. The �rst stepis to
trackthevariationsin anAGN'sluminosity, ideallyovermany
years. To the light curves thusobtained,onecanapply the
cross-correlationfunction

LCCF (¿) =
Z 1

- 1
L(t)C(t - ¿)dt;

where¿ is thetimedelaythatmustoccurwhenthelight emit-
tedby thesourcetravelsto andis re�ectedby theBLR clouds
(Peterson2004). Naturally, ¿ will dependon the character-
istic sizeof the region andthe particularshapeof LCCF will
dependon its geometry.

In general,brightnessvariationwith alongerperiod(thatis,
slower �uctuations) indicatesa largerBLR andmoremassive
centralblackhole.However, wehavenotyetbegunthiswork,
becausewewantabetterideaof theshapeof thelight curves.
Thiswill requireseveralmoreyears'data.

2. OBSERVATIONS

The imagesused in this study were obtainedusing the
SARA 0.9-m telescopeat Kitt PeakNational Observatory.
We took short2 CCD exposures,althoughsomehadto beex-
tendedto achieve a usefulsignal-to-noiseratio, which occa-
sionallyresultedin elliptical images.Duringtheperiod2001-
2007threedifferentApogeeCCD cameraswereused: AP7
(512£ 512pixels,6:20-squareimage),U55 (770£ 1152pix-
els,8:70£ 13:00 image),andU42 (1024£ 1024pixels,13:90-
squareimage). Imageswereobtainedwith JohnsonI , R, V,
andB �lters on nearlyevery night of observation. A few im-
ageswerenot usedin thesurvey becauseof very poor image
qualityor excessively largeerrorin thecalculatedmagnitudes
(seeSection3.1).

3. PHOTOMETRY

In orderto determinethemagnitudesof ourAGNs,wehad
to combinetwo differentphotometrictechniques.The stars
near3C-120,Mrk 79, and Mrk 704 do not have published

2 approximately60 to 360 seconds,dependingon 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 I2? R2? V2? B2?

3C-120 04h33m10:8s +05±2101900 0:0331 150 150 220 300
uMrk 79 07h42m32:4s +49±4804100 0:0219 150 180 240 360
Mrk 704 09h18m26:1s +16±1802000 0:0299 60 60 80 120

1ydeVaucouleursetal. (1991)
2? TypicalCCD exposuretimes(seconds)for SARA telescope.

FIG. 1.— A generalizedmodelof anAGN.

v

FIG. 2.— 3C-120with comparisonstars.

magnitudesin all the �lters we require,so the �rst step in
the processwasto usean absolutephotometrictechniqueto
determinevaluesfor thosestarsandverify thatthey werenot
variable.Oncewe obtainedinternally-consistentmagnitudes,
wewereableto �nd AGN magnitudesandplot light curves.

The comparisonstarswe usedare labeled in Figures2
through4.

3.1. AbsoluteWide-BandPhotometric
Reduction

Determiningabsolutemagnitudesof comparisonstarsus-
ing this methodrequiresseveral imagesof differentpartsof
the sky from the samenight. At leasttwo of theseimages
mustbe of standardstar �elds with differentairmasses,and

FIG. 3.— Mrk 79with comparisonstars.

FIG. 4.— Mrk 704with comparisonstars.

oneof thetarget �eld. Theimagesusedmustalsohave been
takenonanightwith photometricconditions;thatis, onewith
acompletelyclearsky. This is asomewhatrareoccurrenceat
the SARA telescope,but appropriateconditionswere�nally
encounteredin March 2007,which allowed us to undertake
thiswork.

The �rst step,oncethe imageshave beenobtained,is to
calculatetheinstrumentalmagnitudesandcolor indicesusing
�ux es(Scolor) obtainedfrom thestandardstar�elds:

v= - 2:5logSV

b- v= - 2:5log(SB=SV )
v- r = - 2:5log(SV=SR)
r - i = - 2:5log(SR=SI ):

(1)

Thenwe mustcorrectfor atmosphericextinction — the �ux
of eachobjectis dimmedrelative to theairmassfor the�eld' s
positionandtheconditionsof thenight.
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TABLE 2
ABSOLUTE PHOTOMETRIC COEFFICIENTS FOR 2007 MARCH 15.

First-order Second-order Transformation Transformation
extinction extinction slope intercept

k0
V = 0:2112 k00

V = +0:0382 ² = +0:0147 ³V = +22:030
k0

B- V = 0:0562 k00
B- V = - 0:1235 ¹ = +1:0660 ³ B- V = - 0:5819

k0
V- R = 0:1411 k00

V- R = - 0:0197 Ã = +1:0270 ³V- R = +0:0861
k0

R- I = 0:2091 k00
R- I = +0:0393 Á = +1:1850 ³ R- I = +0:3835

vo =v- k0
VX - k00

V(b- v)X
(b- v)o =(b- v) - k0

B- VX - k00
B- V (b- v)X

(v- r)o =(v- r) - k0
V- RX - k00

V- R(b- v)X
(r - i)o =(r - i) - k0

R- I X - k00
R- I (b- v)X

(2)

Finally, thesemagnitudesmustbeconvertedto thestandard
Johnsonphotometricsystem.

V =vo +²(b- v)o +³V

B- V =¹ (b- v)o +³B- V

V - R=Ã(v- r)o +³V- R

R- I =Á(r - i)o +³R- I

(3)

The coef�cients in the above equationsarespeci�c to the
nightused.Ourdataarefrom 2007March15,andthenumer-
ical valuesof thecoef�cients areshown in Table2.

After preliminary magnitudeshave beencalculatedusing
this method,the valuesmustbe checked for internalconsis-
tency and to make surethat noneof the starswe choseare
variable.This is doneby usingthemagnitudesobtainedto do
relative photometryin MIRA (seeSection3.2) — preferably
on imagesfrom all available nights — then comparingthe
calculatedmagnitudesof thecomparisonstarsto theadjusted
onesfrom MIRA's output.

3.2. RelativePhotometrywith MIRA

MIRA is a commerciallyavailableimageprocessingsoft-
warepackagemarketedby Axiom research.MIRA's built-in
relative (or “aperture”)photometryprocessis relatively sim-
pleandwill notbedescribedin detailhere.

Relative photometryis a processby which the magnitude
of a target object can be determinedby comparingits �ux
throughan aperturewith thoseof comparisonobjectsin the
sameimage. MIRA's outputalso recalculatesvaluesof the
comparisonstarsthemselves,whichweusedto determinethe
internalconsistency of thecalculatedmagnitudes.After those
valueswereadjustedasnecessary, weperformedrelativepho-
tometryon every imageagain to �nd AGN magnitudesand
producelight curves(Tables6–8;Figures5–7;Section4).

4. RESULTS

4.1. ComparisonStarMagnitudes

The �nal comparisonstarmagnitudesfor our threeAGNs
(with error) areshown in Tables3, 4, and5. Stars3 and4
in 3C-120shouldbeappliedwith only half weightwhenused
for relativephotometrybecauseof theirdimness—therandom
uncertaintyin theirmagnitudesis veryhigh.

TABLE 3
3C-120 COMPARISON STAR MAGNITUDES.

Star B V R I

1 16:13§ 0:07 15:36§ 0:03 14:94§ 0:03 14:53§ 0:04
2 16:35§ 0:07 15:44§ 0:03 14:89§ 0:03 14:41§ 0:03
3 17:56§ 0:17 16:60§ 0:09 15:96§ 0:07 15:39§ 0:10
4 17:56§ 0:13 16:61§ 0:05 16:05§ 0:05 15:54§ 0:08

TABLE 4
MRK 79 COMPARISON STAR MAGNITUDES.

Star B V R I

1 15:63§ 0:04 14:97§ 0:02 14:54§ 0:02 14:13§ 0:04
2 14:94§ 0:05 14:39§ 0:01 13:99§ 0:02 13:65§ 0:02
3 15:22§ 0:03 14:36§ 0:01 13:81§ 0:02 13:26§ 0:02

TABLE 5
MRK 704 COMPARISON STAR MAGNITUDES.

Star B V R I

1 15:19§ 0:04 14:64§ 0:04 14:26§ 0:03 13:93§ 0:02
2 15:38§ 0:04 14:90§ 0:05 14:54§ 0:02 14:23§ 0:02
3 15:24§ 0:03 14:59§ 0:06 14:14§ 0:02 13:68§ 0:02

TABLE 6
MAGNITUDES OF 3C-120.

Juliandate I R V 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 ¢¢¢ ¢¢¢
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 ¢¢¢ ¢¢¢
2454174.64 13.581 13.944 14.463 15.194

4.2. Light Curves

With theadoptionof comparisonstarmagnitudes,we were
ableto determineB, V, R, andI magnitudesfor 3C-120,Mrk
79, andMrk 704 for eachnight of observation andto create
light curves. Thesedataarecollectedin Tables6 through8
andFigures5 through7.
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TABLE 7
MAGNITUDES OF MRK 79.

Juliandate I R V B

2451983.64 13.364 13.807 14.377 14.853
2452207.91 13.604 14.144 14.740 15.395
2452240.82 13.475 13.945 14.538 15.069
2452319.74 13.402 13.870 14.423 14.987
2452331.72 13.427 13.848 14.366 14.871
2452382.64 13.317 13.836 14.319 14.847
2452597.98 13.133 13.555 14.090 14.480
2452624.88 13.181 13.599 14.106 14.475
2452662.73 13.129 13.571 14.127 14.471
2452669.77 13.159 13.611 14.133 14.537
2452751.66 13.316 13.739 14.315 14.818
2452949.92 13.213 13.568 14.170 14.570
2453052.72 13.203 13.668 14.222 14.659
2453395.75 13.258 13.699 14.225 14.707
2453437.68 13.238 13.710 14.214 14.662
2453514.64 13.431 13.750 14.453 ¢¢¢
2453670.98 13.386 13.873 14.512 15.013
2453766.69 13.454 13.909 14.589 15.048
2453787.70 13.379 13.812 14.503 15.074
2454030.00 13.364 13.860 14.505 15.112
2454055.97 13.409 13.920 14.499 15.264
2454083.74 13.442 13.878 14.445 15.209
2454116.74 13.371 13.887 14.466 15.086
2454153.68 13.338 13.846 14.417 15.119
2454174.68 13.439 13.846 14.521 15.175
2454209.66 13.476 14.012 14.656 ¢¢¢
2454216.72 13.489 14.095 14.704 15.484

TABLE 8
MAGNITUDES OF MRK 79.

Juliandate I R V B

2451983.67 13.413 13.938 14.461 14.972
2452240.86 13.559 14.054 14.564 15.040
2452319.77 13.490 13.906 14.423 14.850
2452382.70 13.424 13.834 14.349 14.780
2452412.66 13.403 13.849 14.362 14.731
2452598.02 13.494 13.963 14.499 14.995
2452624.98 13.473 13.942 14.474 14.958
2452669.82 13.453 13.937 14.481 14.940
2452751.71 13.478 13.943 14.531 14.999
2452950.04 13.489 13.916 14.522 ¢¢¢
2453052.74 13.605 14.102 ¢¢¢ ¢¢¢
2453071.81 13.622 14.138 14.672 15.223
2453395.79 13.577 ¢¢¢ 14.567 14.927
2453437.72 13.498 13.998 14.563 15.058
2453465.73 13.565 14.098 14.626 15.130
2453671.01 13.622 14.097 14.653 15.166
2453766.71 13.607 14.140 14.621 15.159
2454030.02 13.512 13.938 14.487 15.008
2454055.98 13.469 13.863 14.374 14.916
2454116.78 13.360 13.832 14.356 14.820
2454153.71 13.370 13.845 14.372 14.851
2454174.71 13.370 13.863 14.325 14.929
2454209.71 13.391 13.841 14.387 14.971
2454216.70 13.436 13.882 14.427 14.867
2454248.66 13.412 13.950 ¢¢¢ ¢¢¢

The photometricuncertaintiesare typically 0.02 to 0.04
magin I , R, andV, and0.02to 0.05magin B. In theplots,the
errorbarswouldbeon theorderof thesizeof thespotitself.

Somedatapointshave beenomittedbecauseof excessive
error. Wefeel this is justi�ed because,onsomeoccasions,the
imagequalitywaslessthandesirable.

FIG. 5.— Thelight curvesfor 3C-120.

FIG. 6.— Thelight curvesfor Mrk 79.

FIG. 7.— Thelight curvesfor Mrk 704.
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5. CONCLUSION

Althoughwe arenot yet readyto begin working on rever-
berationmappingfor 3C-120,Mrk 79,andMrk 704,wehave
determinedmagnitudesfor comparisonstarsthat are inter-
nally consistentandassembledlight curvesusingdatafrom
2001March15 through2007May 28.
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