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ROTATING CURVE OF THE GALAXY NGC 1068

Abstract. The matter in the body of spiral galaxies (stars, nebulae, clusters), judging by their images, is
distributed very non-uniformly. Moreover, all objects have their own velocities in space. However, in general, they
are affected by the gravitational field of the total mass, referred to the center of the galaxy. One of the main aim is to
evaluate this mass. In order to weaken the effect of random velocities, the average spectrum from fairly large
sections of the galaxy along the entrance slit of the spectrograph is recorded.

In the Fesenkov Astrophysical Institute (FAPHI) the spectral observations of the bright Seyfert galaxy NGC
1068 were carried out in the red region of the spectrum. The telescope AZT-8 with a diameter of 0.7 m and a slit
spectrograph designed and manufactured in FAPHI was used. The spectra were recorded on a SBIG CCD ST-8
(1530x1020, 9p). The spectrograms obtained with the long slit were used to measure the profiles of the Ha and
[NII], 6583A, emission lines, namely, the radial velocities were determined at different distances from the center in
the 9 "x10" areas. Further processing assumes that the galaxy is a thin circular disk whose matter rotates around the
center so that at each distance from the center the rotation velocity is constant and it depends only on the distance to
the center, and the disk itself is observed as an ellipse due to the inclination to the line of sight.

In order to obtain a real dependence of the rotational velocities on the distance from the center under these
assumptions, it is necessary to translate the distances along the slit and the radial velocities measured at these points
into the galaxy plane by taking into account its inclination to the line of sight. As a result, the dependence of the
rotation velocities of matter on the distance to the center was obtained. The mass of the disk with a radius of 6
parsec was estimated.

Keywords: seyfert galaxies, emission lines rotating curve; individual: Sy NGC 1068.

Introduction

NGC 1068 is one of the closest and brightest Seyfert galaxies (Sy). It has a complex structure. The
velocity field of the matter motion in this galaxy was studied in detail with the large telescopes [1, 2]. A
map of isolines of the equal radial velocities was obtained, which shows a very complex picture [1]. Mass
estimation is usually performed using the laws of mechanics and experimental data on the velocities of the
mass movement along the rotation curve. Obtaining of a rotation curve for galaxies, visible from the
edge is the simplest procedure. In such case, the distances from the center are measured directly from the
spectrogram, however, the measured positions of the line can differ markedly from the true rotation
velocities. At each distance from the center in this case, the total radiation of objects falling on the line of
sight in this direction is recorded. Contribution is made by all regions, including distant objects, which
also appeared on the line of sight. This leads to large errors in the estimates of the true velocities.

More accurate rotation curves can be obtained for galaxies with such an inclination to the line of
sight, at which the integration during spectroscopy occurs in a fairly narrow volume of the galaxy. At the
same time, galaxies, having the form of an ellipse, should not have an eccentricity close to zero, so that
the projections of the measured velocities are not commensurate with measurement errors. It should be
noted that the transition to the true velocities and distances implies that the galaxy is flat, thin enough and
has circular symmetry. The galaxy NGC 1068 - one of the most studied in a wide range of wavelengths
seyfert galaxies, satisfies to such criterion. Its global characteristics, in particular the mass, are known
not very well. To obtain general characteristics, observational data should be averaged. Averaging can be
carried out directly during observations.
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This paper uses the results of spectral studies of NGC 1068 obtained with a small telescope. The
procedure for processing and accounting for the orientation of the galaxy is describes in details below.

Observations and processing

Observations were carried out in the 11.2 m Cassegrain focus of the telescope AZT-8 (diameter of
0.7 m) with the diffraction spectrograph made in FAPHI [3]. CCD camera SBIG ST-8 (1530x1020, 9p)
was used as a receiver. For the wavelength calibration, the spectrum of the lamp with Hel, Nel and Arl
emission lines was used. The observations were carried out on 2007, October 28. Three 30 minutes
exposures were made. To use the different parts of the matrix, the center of the galaxy was shifted along
the slit by 15" at different exposures. The broad 10" slit of spectrograph was oriented parallel to the
celestial equator. Along the dispersion, the scale was 0.183A/pixel, and across the dispersion -
0."65/pixel.

Processing was carried out separately for each of the three spectrograms. The wavelengths of the two
emission lines Ho and [NII] 6583 A were determined. The measurements were carried out in the 6" bands
close to each other from the center in both directions until at least one of these lines remained measurable.
The results are presented in Table 1. It was especially difficult to carry out measurements in the central
band. Figure 1 shows a fragment of the spectrum in this central band, where narrower emissions are
superimposed on the broad asymmetric lines Ho and [NII] 6583 A. There is also an example of a fragment
of the spectrum at a distance of +18 ", where there are no difficulties with measurements. For this reason,
a number of authors, for example [1], do not give any data on the velocities in the central region of the
galaxy NGC 1068.

If to assume that the galaxy has axial symmetry, then, having the radial velocity along the section
passing through the center, the angle of inclination of the galaxy plane «i» or the eccentricity of the
observed galaxy «e» and the angle between the observed major axis and the «¢» section, it is possible to
get a true rotation curve in the plane of the galaxy itself. To do this, one can use any section that passes
through the center, except for that one along the minor axis.
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Figure 1 - Fragments of the spectrograms near emission lines of Ho and [NII], 6583A in the 9 image lines. Axis X shows the
numbers of pixels. The upper panel — the spectrum of the central band, where besides the broad lines, the narrower emission,
shifted to the «red» side, are visible. The bottom panel — fragment of the spectrogram on the 18" distance from the centre, where
the wavelengths of these lines are unambiguously measurable

Further, the result must be corrected for the effect of the projection of the section distances from the
center and radial velocities for the inclination of the galaxy to the line of sight. The transition to the true
distances «r» under the assumption that the galaxy is a circular disk tilted to the line of sight at an angle
«i» can be made using the following formula, where «e» is the eccentricity of the visible image and «p»
is the angle between the major axis of the galaxy image and the slit direction
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In this case, the true rotation velocities in the galactic plane V at the corresponding distances «r» are
related to the observed Vr values by the formula:

V=Vr/cos ¢/sin i 2)

We used the following parameters: i = 32.50 [4], e = 0.5373, ¢ = 450. Thus, r"=r1" obs - 1.8483 and
V =Vr/0.2687 for all distances from the center.

The results of the observations given in Table 1 allow us to obtain the dependence of the rotational
velocitis of the annular zones in the galaxy plane on their distances from the center, expressed in parsecs.
For this the redshift of the galaxy and the Hubble constant are required. The values Vr =+1137 km /s
[4] and H = 72 km/s/Mpc were assumed.

eohe

Table 1 — The wavelengths of the emission lines Ha and [NII], measured on the different distances from the centre

R" Ho (A) N[ Ha N[II] Ha N[II]
(A) (B) B) © ©
-42 6585.6 6605.3
-36 6585.6 6605.7 6585.2 6605.3 6585 6606.6
-30 6583.8 6605.3 6583.2 6606.6 6585.2 6605.9
-24 6584.3 6605.2 6584.3 6605 6584.7 6605.5
-18 6584.5 6605.7 6584.7 6605.9 6584.5 6605.3
-12 6585.2 6606.4 6584.9 6605.7 6584.9 6606.3
-6 6585.4 6606.1 6585.8 6607.2 6584.5 6605.9
0 6589.4 6609.4 6585.4 6605 6584.9 6586.7
6 6590.7 6610.1 6591.1 6607.2 6590.7 6610.7
12 6590.3 6610.8 6590.2 6610.7 6590.3 6611.1
18 6590.2 6610.8 6589.6 6610.7 6589.8 6610.5
24 6590 6610.5 6589.8 6611 6589.8 6610.7
30 6588.7 6610.5 6590 6610.1
36 6588.7 6609.7 6590.5
42 6587.6 6608.8
*
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Fig. 2 - The Y axis shows the true rotational velocities of the regions of the galaxy NGC 1068 at distances through the 6" to
both sides of the center. The distances in kpc are on the X axis. For each distance, the values are obtained for each of the
spectrograms (A, B and C) along Ha and [NII]]6583A lines (see the icons on the right)
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Obtained results

Figure 2 shows the rotation curve of the galaxy NGC 1068. It is based on the results of measuring the
position of the line (in radial velocities) at different distances from the center. The emission lines Ha wu
[NII], 6583 were used. Measurements were taken every 6" in three spectrograms. It can be seen that there
are differences in the rotation of the eastern and western (relative to the center) parts of the galaxy. In the
region of + 1.5 kpc, the rotation is close to solidstate. If to assume that at a distance of 6 kpc, the average
rotational speed is about 300 km/s (see Fig. 2), then the mass inside this radius can be estimated by the
formula M = V? - r/ G, and will be equal to ~ 1.25 - 10" M3X. Earlier for r = 5.7 kpc, the mass estimate of
6.4 - 10" MX¥ was obtained [4].

The work was carried out within the framework of Project No. BR05236322, financed by the
Ministry of Education and Science of the Republic of Kazakhstan.
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NGC 1068 FAJIAMBIHBIH AMHAJTY KUCBIFbI

AnnoTtamus. Wipimai ranamMaapaa Matepus (KyJIAbI3Iap, TYMaHIBIKTap, IOFBIPIIaHyJIap), OJapIblH CypeTTepine Kaparanaa
OipTeKci3 TapanaTHIHABIFBIH KepeMi3. CoHbIMeH Oipre, KeHIiCTiKTe OapibIK OOBEKTUIepAiH ©3I1HAIK >KBUIZAMIBIKTaphl Oap.
Fanamubin neHTpine OarbITTalFaH, JKHBIHTHIK MacCaHBIH TapaBHTAIMSIIBIK epici acep erexni. ComapislH eH Herisri Oip ecebi
MaccallapblH aHbIKTay Oonbin Tabbutajgsl. CrekTporpadThIH caHbUIaybIHA KipeTiH OOHBIMEH, Ke3HEeHCOK >KbUIJaMIBIKTapAbIH
acepiH aJIcipeTyre FATaMHBIH aHAFYPIIBIM YIIKEH OOJIriHiH opTamia CIeKTpi TipKeei.

OADU crexTpaiH KbI3BIT aiMarbIHIA aca JKapblK cel(epT FalaMBIHBIH CIEKTPIiK Oakpumaymapsl xypriziini. ®ADU
KYPacTBIPBUIFAH JKOHE XKacallFaH CaHbUIAYIEI criekTporpad skone nuamerpi 0.7 M A3T-8 temeckoOs! Kongansuisl. Crnektpai 3BA
SBIG ST-8 (1530x1020, 9u) xamepachl apKbUIBI TipKenai. AJBIHFAaH Y3bIH crekTporpammanapaa Ho sxome [NII], 65834
SMUCCHUSUTBIK CHI3BIKTAPBIHBIH KECKiHepi, COHBIH IIIiH/e HEHTPACH SPTYPIIi KAMIBIKTHIKTAH ayJaHbIHBIH oimeMi 6"x10" GomaTeH
COyJIeNK KBUIIAMIBIKTAp aHBIKTANIBI. OHJCyJIepAeH KeWiH FalaM >KyaH, JNOHIeleK IVCK, MaTepHs LEHTPIIH aifHalacklHaa
aifHanmabl, HEHTpACH opOip KAIIBIKTHIKTAFbl JKBUIJAMABIK TYPAKTHI JKOHE TeK KaHa LEHTPAEH KaIIBIKTBIKKAa FaHa TOyelai Jem
GonkaHaIbl XKOHE JIe, KOpy CoyJIeNIeHyiHe KonOeyirine 6aillaHbICThI IUCK JUIUIIC OOJIBINT OaKbUIAHAMIEL.

Ochl GomkampaapaaH, alfHATy JKBULIAMIIBIFBIHBIH HEHTPICH KAIIBIKTHIKKA HAKTHI TOYESNALTIIIH allyFa Kepy COyJIeNCHYIHIH
KOJIOCYIIriH ecelKe alblll FajllaM >Xa3bIKTBIFBIHZA CAyJIeJIeHY JKbUIJAMIBIFBI ONIIEHIeH OChl HYKTEIep/l >KoHE CaHbUIay
OOMBIHIAFEI KAIIBIKTHIKKA aynapy KakeT. HoTmxkecinne, MaTepus aifHaTy >KbULIAMJIBIFBIHBIH [EHTPAEH KalIbIKTHIKKA TYEeNIUIIri
QJIBIH/IBI JKOHE PaJHyChl 6 TapceK IUCKTIH Maccachl aHBIKTaJIIbL.

Tyiiin ce3nmep: celiept FaraMaapsl, SMHCCHSIIBIK CHI3BIKTAP; alfHATY KHCBIFBL; skeke o0bekTinep: Sy NGC 1068.
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J.K. lenucmok, P.P. Bamnynaun
Actpodusuaeckuit MacturyT um @ecenkoa, Anmatsl, Kazaxcran
KPUBASI BPAIIEHUSI TAJTAKTUKHU NGC 1068

AnHOTanusi. Martepusi B TeJle CHMPaJIbHBIX T'aJaKTUK (3B€3/1bl, TYMaHHOCTH, CKOIUICHHUS), CyIsl TI0 X M300pa-
JKEHUSIM, paclpeieNnseTcs BeCbMa HeOAHOpOoaHO. [Ipu 3ToM Bce 0OBEKTHI HMEIOT CBOU CKOPOCTH B ITPOCTPAHCTBE.
OpHako B 1IEJIOM Ha HUX JEHCTBYET IpaBUTALMOHHOE MOJE CyMMAapHON MacChl, OTHECEHHON K LIEHTPY TalaKTHUKH.
OpHa W3 OCHOBHBIX 3a/lad COCTOMT B TOM, YTOOBI OLEHUTH 3Ty Maccy. Jlis Toro, 4roObl OcnaOUTH BIHMSHUE
CIly4alHBIX CKOPOCTEH, PErHCTPUPYETCs CPEAHUH CHEKTp OT JOCTATOYHO OOJIBIIMX Yy4YacTKOB TJIAKTHKH BIOJb
BXOJIHOM IIesH crekTporpada.

B A®U® npoBeneHs! crieKTpalibHble HaOMroNeHNs sipkoii ceiideprosekoii ranaktukn NGC 1068 B kpacHo
obnactu criektpa. Vcronb3oBancs teneckon A3T-8 nuamerpom 0.7 M 1 mieneBoii cnekrporpad, CipoeKTHPOBaHHBIH
u u3rotoBicHHBI B ADU®D. Perucrpanus cnekrpor Benack Ha [I3C kamepy SBIG ST-8(1530x1020, 9p). Ha
CIEKTPOTpaMMax, MOJIYYEHHBIX C JJIMHOW IENbI0, N3MepsuInch npoduim sMuccnonHbIX mHuid Ho u [NII], 65831&,
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a UMEHHO ONPEAEISUINCH JIydeBhIe CKOPOCTH Ha Pa3HBIX PACCTOSHUAX OT IEHTpa B IUIOIMAAKax pasmepom 6"x10".
[Mpu nanpHelieil 0OpabOTKEe MNpEAIOIaraeTcs, YTO TANAKTHKA SIBISETCS TOJICTBIM KPYIJIBIM JMCKOM, MaTepHs
KOTOpPOI'0 BpAILAETCsl BOKPYT LIEHTPA TaK, YTO HAa KaXJIOM PACCTOSIHUH OT LIEHTPa CKOPOCTh BpAIlleHUs TIOCTOSIHHA U
3aBHCHT TOJILKO OT PACCTOSIHUS 10 LIEHTPA, a caM JMCK HAOJII0IaeTCsl KaK JIUIUIIC M3-3a HAKIIOHA K JIy4y 3pEHHUSL.

Jist Toro, 4ro0bl B 3THX MPEIIIOJIOKESHUSIX MONYYUTh PEAbHYI0 3aBHCHMOCTh CKOPOCTEH BpalleHHs OT
paccTosiHUS OT LEHTPa, HEOOXOIMMO NIEPEBECTH PACCTOSIHUS BJOJIb LIEIH M U3MEPEHHBIE B ATUX TOYKAaX JIyueBbIe
CKOpPOCTH B IUIOCKOCTh I'aJIAKTUKH MYTEM Yy4eTa €€ HaKJIOHA K JIydy 3peHus. B pesysbrare mosydeHa 3aBUCHMOCTb
CKOPOCTH BpAILIEHHs] MATEPUH OT PACCTOSIHUS 10 LICHTPA U OL[EHEeHa Macca B JANCKE C paJinycoM 6 mapcek.

KiroueBble ci10Ba: celipepTOBCKYE TrajJakTHKH, SMUCCHOHHBIE JINHUM; KpPUBAas BPAIlEHUS; WHIUBUAYyalbHbIE
o0wexTsl: Sy NGC 1068.
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