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NUCLEAR EMISSION IN SPIRAL NEBULAE*
CarL K. SEYFERTT

ABSTRACT

Spectrograms of dispersion 37-200 A/mm have been obtained of six extragalactic nebulae with high-
excitation nuclear emission lines superposed on a normal G-type spectrum. All the stronger emission
lines from A 3727 to A 6731 found in planetaries like NGC 7027 appear in the spectra of the two brightest
spirals observed, NGC 1068 and NGC 4151,

Apparent relative intensities of the emission lines in the six splmls were reduced to true relative in-
tensities. Color temperatures of the continua of each spiral were determined for this purpose.

The observed relative intensities of the emission lines exhibit large variations from nebula to nebula.
Profiles of the emission lines show that all the lines are broadened, presumably by Doppler motion, by
amounts varying up to 8500 km /sec for the total width of the h}rdrnge'n lines in NGE 3516 and NGC 7469,
The hydrogen lines in NGC 4151 have relatively narrow cores with wide wings, 7500 km /sec in total
breadth. Similar wings are found for the Balmer lines in NGC 7469, The lines of the other ions show no
evidence of wide wings. Some of the lines exhibit strong asymmetries, usually in the sense that the violet
side of the line is stronger than the red.

In NGC 7469 the absorption K line of Ca 11 is shallow and 50 A wide, at least twice as wide as in
normal spirals,

Absorption minima are found in six of the stronger emission lines in NGC 1068, in one line in NGC
4151, and one in NGC 7469, Evidence from measures of wave length and equivalent widths suggests that
these absorption minima arise from the G-type spectra on which the emissions are superposed.

The maximum width of the Balmer emission ﬁnes seems to increase with the absolute magnitude of
the nucleus and with the ratio of the light in the nucleus to the total light of the nebula. The emission
lines in the brightest diffuse nebulae in other extragalactic objects do not appear to have wide emission
lines similar to those found in the nuclei of emission spirals.




I. THE OBSERVATIONAL MATERIAL

The present investigation is an intensive study of six of the brightest extragalactic
nebulae showing emission bands in their nuclei (Table 1). Of these six, special emphasis
was placed on the three having the brightest nuclei, NGC 1068, 3516, and 4151, because

TABLE 1%
EMISSION SPIRALS OBSERVED

Dec.

— 0°14 Sh : ! G3 260
+41 18 E: : i (3 30.0
+72 50 S : ! G2: 28.5
+44 48 Sb A : G2 26.0
+39 41 Sh 2| . G2 26.0
+ 8 36 Sa : G0 GO 29.8

| [—

* The total apparent photo apl'u{: magnitudes are from the Shapley-A mes Catalogue of Exiernal Galaxies (Harp. Ann., B8, 43,
1932). The apparent magnitudes (photographic) of the nuclei were estimated from short-exposure plates, taken in series with
selected areas. The distance mud.uh are new determinations derived from magnitudes of resolved stars in the arms (NGC 1068),
radial velocity (NWGC 1068, 3516, 7469), or from association with recognized clusters or groups (NGC 1275, 4051, 4151). The
plates used for determinations of nuclear magnitudes and most of the data for computing the distance moduli were suUpp ed by
E. P, Hubble, The spectral types were determined by M. L. Humason.

it was possible to observe them with higher dispersion than could be used on the fainter
objects.
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NGC 1068 (HST)




NGC 1275 (HST)




NGC 3516 (HST)




NGC 4051 (HST)




NGC 415| (HST)

WFPC2

STIS Optical




NGC 7469




Seyfert galaxy nuclei are tiny:

_ 7
Mbh_3><10 M

Sun
— 2 _
R, =2GM,, /c* =06 AU

R ~10R, = 6 AU =50 light-minutes

accretion

compare to:

diameter of a galaxy ~ 70,000 light-years



image: o, 0, magnitude, color, size, shape

spectrum: profiles of absorption and emission lines,
shape of continuum

Spectra yield detailed physical diagnostics:

stars: temperature, surface gravity, chemical
abundances

galaxies: rate of star formation, mass in stars, total
mass, chemical abundances in both gas and 1n stars
Seyferts: density, temperature, velocity, and ionization
structure of the emitting gas
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Spectral types of bright stars visible now:

v Peg B2 IV
Vega A0V
Deneb A21
Altair A7V
u Peg G8 III

Arcturus K1.5 III
Antares M1.51
B Peg M2 II-111

expect spectra of galaxies to look like:
“A” + “K” + “emission” 1n some proportion
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physical model. central supermassive black hole
accreting gas

= broad emission lines in the spectrum indicate
high Doppler shifts

if the thing outshines the surrounding galaxy, we
call it a quasar or QSO (1963)

otherwise, we call it a Seyfert galaxy (1943)



Significance of line width:

SDSS spectroscopic resolution = 150 km/sec

escape velocity from the Milky Way = 450 km/sec

=> any line 1n a galaxy broader than this must be

due to something interesting!



Quantifying the line profile:

SDSS software detects lines (absorption and
emission) and fits a Gaussian to the line profile.

The parameters are in the specLine database:

heiglnt (107 erg sec! cm? A™!); + =em, - = abs
sigma (Angstroms)

continuum (10717 erg sec’! ecm@? A



Measures of line strength:

equivalent width

(parameter called ew 1n the specLine database):
ew = (V271 X sigma X heiglﬂt)/continuum

(units are Angstroms; + is emission, - is absorption)

line flux = V27 x sigma X heiglﬁt

1

(units are 10717 erg sec’! cm™)



Other names for/kinds of sources:

BL Lac objects

quasi-stellar radio sources

radio galaxies (Type I and Type II)
ultraluminous infrared galaxies
Type 1 Seyferts

Type 2 Seyferts

Type 1.7 (and so on) Seyferts

N galaxies

etc., etc.

= active galactic nuclei, or AGN

An AGN 1s an extragalactic source that emits
non-stellar radiation from a small volume.



All of these objects may be fundamentally related to

each other, differing by how the energy emerges

(e.g., some are radio-loud, some are radio-quiet).

Dust may surround the galaxy
radiation 1s beamed 1n special

rotation axis of the accretion ¢

nucleus such that
directions (e.g. the

1sk). Many things are

going on close to the black ho
jets of relativistic particles, X-

the geometry 1s likely to be co

e (magnetic fields,
ray reflection), and

mplex.



SDSS adopts a practical definition of an AGN: at

least one line must have a full-width at half-
maximum (FWHM) broader than 1000 km/sec.
These are identified by the sPecClass parameter,

specdass = 3 (or4)

to convert from sigma in Angstroms to FWHM in

km/sec:

FWHM = ¢ x [(2.354 x sigma) / ]

This classification does not depend on what the thing
looks like, or any other photometric parameter.



Exercise 1: explore sPecClass = 3 1mage

structures with respect to redshift

“1mage structure” will be quantified by the fraction
of the light in the nucleus:
(point-spread function = psf)

SELECT z, psfmag_r, modelmag_r
FROM SpecPhoto

WHERE specClass = 3 and
ra> 170 and ra < 180 and dec > 40 and dec < 50



psf - model mag

2.50E+00

2.00E+00

1.50E+00

1.00E+00

5.00E-01

0.00E+00

-5.00E-01

Seyferts

specClass = 3

redshift

quasars

® delta mag



Exercise 2: show that the host galaxies of AGN’s
are relatively luminous

SELECT S.z, S.ra, S.dec, P.fibermag_r, P.modelmag_r
FROM specobj as S, photoObj as P

WHERE S.specClass = 3 and
P.specobijid = S.specobjid and
P.modelmag_r < 17.77 and
S.z>0.01and S.z<0.035

Similar query for a control sample of normal
galaxies (specdass = 2), adding restriction to 10

square degrees of sky



sPecClass =3

J134852 8440204451

J131305.8+4012755.9

J123651.17+4535904 1

J120114.35-034041

J104451.73+063548.6

¥ 1 £
i ‘.b

J153839.18+024324 6

J153552 4+575409.5

J110016.03+461615.2

JO75525.25+391109.9

J111607.65+412353.1

J140018 42+050242 2

-

J093812 26+074340

JOB2510.23+375919.F




sPecClass =2
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1
-
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e S ‘ ’
J112806 87+421523.7 J113254 81+4225831 4 J112818.06+413820.3 J112818.56+403833.8 J113445 47 +425755 2




sPecClass =2
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specClass = 3

faint

19
18
17
16

15

magnitude (w/o nucleus)

14

bright

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04
redshift

near far



magnitude (w/o nucleus)

0.005

0.01

0.015

specClass = 2

0.02 0.025
redshift

0.03

0.035

0.04



Exercise 3: show that the host galaxies of AGN’s
are often barred spiral galaxies

SELECT S.z, S.ra, S.dec,
L1.continuum, L1.height, L1.sigma

FROM specobj as S, specline as L1

WHERE S.specClass = 3 and
S.z>0.01 and S.z < 0.02 and
L1.specobjid = S.specobijid and
L1.linelD = 6565 and

L1.category = 2 and

L1.height > 6 and

(2.507 * L1.height * L1.sigma) > 850






JOB2510.23+375919.7




JOO4719.30+144212 6
i




JO20615.99-001729.1 J104326 47+110524.2 J110654. 464061213




J222435 20-001103.8  JJ002621. 29+000914.9 JJ012159.82-010224.3

JO93701 .04+010543.F  JJ112209.4+011719.5

J141630.81+013708



J095939.52+003512.1 JO21257.59+140610.1

J163631.28+420242 4



z range

0.01 - 0.02
0.02 - 0.03
0.03 - 0.04
0.04 - 0.05
0.05 - 0.06
0.06 - 0.07

No. gals

6

13
23
31
45
63



Exercise 4: check whether line flux or line width
correlates with morphology

SELECT S.z, S.ra, S.dec,
L1.continuum, L1.height, L1.sigma

FROM specobj as S, specline as L1

WHERE S.specClass = 3 and
S.z>0.02 and S.z<0.03 and
L1.specobjid = S.specobijid and
L1.linelD = 6565 and

L1.category = 2 and

L1.height > 6 and

(2.507 * L1.height * L1.sigma) > 850



Your SQL command was:

select 5.z, S.ra, S.dec,
Ll.continuum, Ll1.height, Ll.sigma

from specobj as S, specline as L1

where S.specClass = 3 and

S.z > 0.02 and S.z < 0.03 and
Ll.specobjid = S.specobjid and
Ll.lineID = 6565 and

Ll.category = 2 and

Ll.height > & and

(2.507 * L1 .height * Ll.sigma) > B850

| z | ra | dec fnntinuumlmlm
]1].115 12.465

{Zl_{ll";] 1690318941 398105
{:l.{:l";] 180. 7409 | 484585

{ZI.{ZI";] 171.40069 |54 382555 27.498
{ZI.{ZI";] 126.29263|| 37 98882

0.022 | 1445511 | 7.727792 82.802

298.09

40.106

25.042

] "1‘ I:l & IIJ I:I |:.:|




ordered by strongest line to weakest

J111607 . 65+412353.1

J093812. 26+074340 J16201 2. T5+400906. 1

i ‘undefined’ is null or
]131305.8+012755.9 . not an object
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ordered by widest line to narrowest

J130620.97+531823.1

J111607 65+412353.1 J112536.16+542257 .1

J111857 68+580323.5 J162012. 7T5+400906. 1
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3-arcsec luminosity
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Exercise 5: explore frequency of tidal

disturbances from nearby galaxies among AGN

sample

Exercise 6: explore orientation frequency of

galaxy disks (are galaxies harboring AGN more

often face-on?)



Rum 4469 Col 2 Field 436 Conclusions

'Seyfert galaxies and quasars form a continuum, differing by the ratio
of light from the galaxy (stars) to light from the nucleus (not stars).

. There 1s a minimum mass for the host galaxy, below which an active -
nucleus cannot form.
"The 1um1n031ty- of the nucleus depends in part on the accretion rate of
gas onto the centraliBlack hole. The kinematics of gas in galaxies that
contain strong Relp c}gpnel gas into the center.

Similarly,

| fal 1 to the center more easily in galaxies with close
neighbors. '

Wider or stronger emission lines do not correlate in an obvious way
‘with properties of the host galaxy. |
i -
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