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ABSTRACT 
From optical, X-ray, and radio observations of a sample of 23 nearby high-excitation emission-hne 

galaxies, we find that the activity in the nuclei of nearly all of these galaxies is very closely related to 
that observed in “classical” type 2 Seyfert galaxies. The strongest resemblance to the Seyfert 2 
galaxies is found in the relative intensities and profiles of the optical emission lines. However, the 
luminosities of the nearby galaxies tend to be less than those of classical type 2 Seyferts, although 
greater on average than similar measurements of galaxies with H n region nuclei. Likewise, the 
widths of the optical emission lines of the high-excitation galaxies on average tend to be less than 
those of the classical Seyferts. We suggest that these differences have arisen from the original 
definition of a Seyfert galaxy as an object possessing “strong broad emission Unes arising in a bright 
semistellar nucleus.” Instead, the classical type 2 Seyferts appear to represent the high-energy 
extreme of a continuous distribution of galaxies with nuclear activity which can be ascribed to 
photoionization by a nonthermal source of radiation. This implies that such activity is considerably 
more common in the nuclei of spirals than had been suspected. 

Subject headings: galaxies: nuclei — galaxies: Seyfert — radio sources: galaxies — X-rays: sources 

I. INTRODUCTION 

Seyfert galaxies are defined as that class of objects 
which show strong, broad emission hnes arising in a 
bright semistellar nucleus (Khachikian and Weedman 
1974). Their obvious spectroscopic similarities to QSOs 
have made Seyfert galaxies the focus of numerous inves- 
tigations at all wavelengths. Considerable knowledge of 
the physical conditions in the nucleus has been gained 
from the data, although very little is yet understood 
concerning the ultimate source of the activity. 

A major stumbling block in studying the known 
Seyfert galaxies is the fact that most are rather distant. 
Until a few years ago, it was widely held that the Seyfert 
phenomenon was relatively rare, with only about 1% of 
all galaxies belonging to the class (e.g., Weedman 1977). 
However, the subsequent discovery at X-ray energies of 
several nearby galaxies which, except for their narrow 
nuclear emission lines, were indistinguishable from many 
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classical Seyfert galaxies5 (e.g., Ward et al 1978; 
Schnopper et al 1978; Bradt étal 1978) showed that at 
least a few closely related objects had been overlooked. 

The discovery of these narrow-line X-ray galaxies 
suggested that many other nearby galaxies with Seyfert- 
like nuclear activity may have gone undetected. We 
decided to examine this possibility by observing 24 
emission-hne galaxies identified as being of “high exci- 
tation” by Sandage (1978) in his spectroscopic survey of 
666 nearby galaxies. Prior to Sandage’s work, only one 
of these objects had been classified as a Seyfert galaxy. 
In this paper, we describe our new optical, X-ray, and 
radio data for these galaxies and also for a comparison 
sample of four galaxies with “normal” H n region 
nuclei. We then discuss the degree to which the nuclear 
activity in the Sandage high-excitation galaxies is related 
to the nonthermal activity found in classical Seyferts. 

II. THE SAMPLE 

The high-excitation emission-hne galaxies singled out 
in this paper for study were chosen on the basis of the 

5 In this paper, we define classical Seyfert galaxies as those 
selected on the basis of the dual criterion of broad emission Unes 
arising in a bright semistellar nucleus. 
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486 PHILLIPS, CHARLES, AND BALDWIN 

TABLE 1 
Sandage High-Excitation Emission-Line Galaxies 

Vol. 266 

Galaxy Morphology Reason for Selection 

UGC 1395a 

NGC 1019 
NGC 1229e 

NGC 1358 
NGC 1386 
NGC 1667 
NGC 2989 
NGC 2992 
NGC 3081 
NGC 3281 
NGC 3738 
NGC 3982 
NGC 4388 
NGC 4507 
NGC 5135 
NGC 5347 
NGC 5643 
NGC 5728 
NGC 6300 
NGC 6890 
IC 5063 ... 
IC 5135 ... 
IC 5201 ... 
IC 1515 ... 

SBc(r) Ib 

SBc(s) Ib 

SB pecb 

SBa(s) Ib 

Cjad 
Sbc I-IIb 

Sc(s) If 

Spec 
SBab 

Sa(s)b 

Ir IVb 

Sbc(r) II-IIIb 

SBb(s) pec:g 

SBab(rs) If 

SBb(I)b 

SBb+ IIIb 

SBc(s) IIf 

SBb(s) IIf 

SBb(s) II pee1 

Sab(r) IIf 

E4b 

HiSB: filaments0 

SBcd IIf 

SB(s)b 

5281 N2»H^ 
7288 N2 » Hß; possible [Ne v] X3426 

10594 N2 » Hß; [N il] « Ha 
3878 N2 » Hß; [N il] > Ha 

775e N2»Hß 
4472 N2 » Hß; [N il] > Ha 
3908 N2 » Hß 
2067 N2 » Hß 
2146 N2 » Hß; [Ne v] X3426 
3153 N2»Hß 

265 N2»Hß 
1073 N2 » Hß 
2370h He il A4686; [O i] X6300 
3283 N2 »Hß; [O m] X4363 
3968 N2»Hß 
2364 N2 » Hß 

997 N2 » Hß; [N n] > Ha; [O i] X6300 
2879 Intense N2; [O i] X6300 

901 N2»Hß; [N n] > Ha 
2439 N2 » Hß; [N II] > Ha 
3322 N2 » Hß; [O i] X6300 
4845 N2 » Hß 

923 N2»Hß 
6886 N2»Hß 

aListed by Sandage as 0152+0621. 
bSandage 1978. 
cListed by Sandage as 0305-2308. 
d Phillips and Frogel 1980. 
eFomax Cluster member. Distance assumed to be that of cluster, which is 14 Mpc for 

/To = 100 km s -1 Mpc~1 (Jones and Jones 1980). 
fSandage and Brucato 1979. 
gPhillips and Malin 1982. 
hVirgo Cluster member. Distance assumed to be that of cluster, which is taken to be 

13.8 Mpc (Hanes 1979). 
dressier and Sandage 1978. 

excellent descriptions of plate spectra of 666 bright 
galaxies given by Sandage (1978). The primary selection 
criterion was the presence of a large relative-intensity 
ratio of [O in] X5007 emission to Hß, which Sandage 
indicated by the notation “N2»Hß” or with the 
words “Intense N2.” The only exception to this rule was 
the galaxy NGC 4388, for which Sandage did not give 
information concerning N2/Hß, but which, neverthe- 
less, he indicated as possessing a high-excitation emis- 
sion-line spectrum. Other remarks on the spectra which 
strengthened our suspicion of Seyfert-like activity, such 
as [N ii] > Ha or the mention of emission lines such as 
[Ne v] X3426, He n A4686, or [O i] A6300, were noted 
but were of secondary importance in the selection pro- 
cess. 

A total of 24 galaxies in the Sandage paper satisfied 
the N2/Hß selection criterion. These are listed in Table 
1, along with morphological types and galactocentric 
radial velocities. 

TABLE 2 
Comparison Galaxies with H ii Region Nuclei 

Galaxy Morphology vQ 

Reference to 
Optical Study 

NGC 625 .. 
NGC 1510 . 

NGC 7552 . 
NGC 7714 . 

Irr(Sm)a 

E0-1 pec:b 

SBab(s)pecb 

SBb(s)pec:b 

318a 

782b 

1636b 

2980b 

Phillips, unpublished 
Disney and Pottasch 1977; 

Phillips, unpublished 
Ward et al. 1980 
French 1980; 

Weedmaneia/. 1981 

aFrom Sandage 1978. 
bFrom de Vaucouleurs, de Vaucouleurs, and Corwin 1976. 

Four galaxies with strong emission-hne spectra, but 
which would not be classified as high excitation, were 
included in the study to serve as comparison objects. 
Details of these galaxies are listed in Table 2. Previous 
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GALAXIES WITH SEYFERT-LIKE NUCLEI 487 No. 2, 1983 

studies (see references in Table 2) of these galaxies have 
indicated that, unlike classical Seyfert galaxies, the gas 
in their nuclei is photoionized in a “ normal” fashion by 
the radiation of young hot stars. 

III. OBSERVATIONS 

a) Low-Dispersion Optical Spectroscopy 

Low-dispersion spectra (5-10 A resolution) were ob- 
tained for 22 of the 24 program galaxies as well as for 
two of the comparison galaxies, using telescopes at the 
Las Campanas, Anglo-Australian, Lick, and European 
Southern observatories. Details of these observations are 
summarized in Table 3, and representative speetra are 
shown in Figures 1 and 2. Las Campanas spectra of 
IC 5063 and NGC 4388 have been illustrated elsewhere 
(Caldwell and Phillips 1981; Philhps and Mahn 1982). 
Of the two program galaxies not observed by us, 
NGC 2992 has previously been studied by Shuder (1980) 

and Ward et ¿z/. (1980), while no suitable data are availa- 
ble in the literature for NGC 5347. Relative emission-hne 
intensities measured from the combined data are listed 
in Tables 4 and 5. The estimated accuracy of these line 
intensities is 10%-20%, except for those values followed 
by a colon which are uncertain by as much as a factor of 
two or more. Absolute [O m] X5007 fluxes measured by 
us for three of the program galaxies and drawn from the 
literature for six more are listed in Tables 6 and 7, after 
having been corrected for extinction by assuming an 
intrinsic Ha/Hß intensity ratio of 2.87. 

b) High-Dispersion Optical Spectroscopy 

Emission-hne profiles were measured for 16 of the 
high-excitation and two of the comparison galaxies, 
using principally the image photon counting system 
(IPCS) spectrometer on the AAT at resolutions of 1.95 
or 0.65 Á. Profiles of the [O m] and Hß emission hnes 
in six representative high-excitation galaxies are il- 

TABLE 3 
Summary of Low-Dispersion Spectroscopy 

Galaxy Telescope/Detector Date 

Entrance 
Aperture 
(arcsec) 

Resolution 
(A) 

Wavelength 
Range 

(A) 

NGC 1019 
NGC 1386 
NGC 6300 
NGC 6890 
IC 5063 
IC 5135 
IC 5201 
IC 1515 

NGC 625 
UGC 1395 
NGC 1358 
NGC 1510 
NGC 1667 
NGC 2989 
NGC 3081 
NGC 3281 
NGC 5135 

UGC 1395 

NGC 3738 
NGC 3982 

NGC 4507 
NGC 5643 
NGC 5728 

NGC 1229 

Las Campanas 2.5 m/ 
Intensified Reticona 

Las Campanas 2.5 m/ 
Intensified Reticona 

ESO 3.6 m/IDSb 

Lick 3 m/IDSb 

AAT 3.9 m/IPCSc 

AAT 3.9 m/IPCSc 

1979 June 

1980 Jan 

2X4 

2X4 

1979 Aug 2X4 

1980 Jan 2.4X4 

1981 Aug 2, 10d 

1981 Dec 1.7d 

10 

10 

3250-6850 

3600-6900 

5800-8800 

3650-7400 

3200-7300 

3200-7200 

aShectman and Hiltner 1976. 
bImage disector scanner (Miller, Robinson, and Wampler 1976). 
cImage photon counting system (Boksenberg and Burgess 1973). 
d Long-slit spectroscopy. 
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pIG l.—Low-dispersion optical spectra of seven representative high-excitation emission-line galaxies obtained with the Las Campanas 
2.5 m du Pont telescope. The spectra have been shifted onto the same rest-wavelength scale. 
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Fig. 1 — Continued 
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490 PHILLIPS, CHARLES, AND BALDWIN 

4000 5000 6000 7000 

Xrest(â) 

Fig. 2.—Low-dispersion optical spectra of the comparison galaxies NGC 625 and NGC 1510 obtained with the Las Campanas 2.5 m du 
Pont telescope. The spectra have been shifted onto the same rest-wavelength scale. 

lustrated in Figure 3. (See also Caldwell and Phillips 
1981 for a similar plot for IC 5063.) 

All available data on the full widths at half-maximum 
(FWHMs) for the program galaxies are given in Tables 
6 and 7. These include rather crude FWHM measure- 
ments from the Las Campanas and AAT IPCS low- 
dispersion spectra of the high-excitation galaxies UGC 
1395 and NGC 1229 and the comparison galaxy NGC 
625. Note that all of the FWHM values have been 
approximately corrected for the instrumental profile by 
assuming the relation (observed FWHM)2 = (intrinsic 
FWHM)2 + (instrumental FWHM)2. 

c) X-Ray Data 

Observations of seven high-excitation galaxies and 
three comparison galaxies were made with the imaging 
proportional counter (IPC) on the Einstein Observatory 
for exposure times of ~ 2000 s. The IPC operates in the 
0.2-4.0 keV band with an angular resolution of ap- 
proximately 1' (see Giacconi et al. 1979). 

Five of the galaxies observed with the IPC were 
detected at the 5 a confidence level. For all of the 
positive detections, the X-ray positions are within 1' of 
the optical positions given by Sandage (1978) or 
de Vaucouleurs, de Vaucouleurs, and Corwin (1976), 
and all are unresolved to the 1' limit of the IPC. The 
general character of the data is illustrated by the iso- 
intensity contour map of NGC 3081 shown in Figure 4. 
A similar map of the comparison galaxy NGC 7552 has 
been published by Charles and Phillips (1982). 

X-ray fluxes in the 0.2-4.0 keV band were calculated 
from the IPC data assuming a power-law photon spec- 
trum of index - 1.5, which is equivalent to a differential 
energy flux of the form F(v) = Fv~0-5. An average 
equivalent absorbing hydrogen column density in our 
own Galaxy of NH = 3 X 1020 cm-2 was also assumed 
(Radhakrishnan et al. 1972). The errors in the fluxes are 
dominated by the combination of uncertainties in detec- 
tor gain and the lack of knowledge of the true source 
spectra. Tables 6 and 7 list the fluxes derived in this 
manner, along with estimates of the internal errors of 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



TA
BL

E 
4 

R
el

at
iv

e 
Em

is
si

on
-L

in
e 

In
te

ns
ity

 M
ea

su
re

m
en

ts
: H

ig
h-

E
xc

ita
tio

n 
Em

is
si

on
-L

in
e 

G
al

ax
ie

s 
a 

\Q Tf ON Tj- 
<N —' 

m O on : O rn O rn 
• ö Ö uS ON : 

• ö 

: 
' ö ■ ^ m 

, m »o (N (N 
' —‘ Ö 

, r- oo o ^ oo ■ <N — (N O ON ^ 
O O O * (N OO 

(N "st O CN m ^ : rn CN O ■— <N r-«’ —: -rf co 

' O O (N O O O 

. >0 — NO r<N ON —H . *—h On i—< OO co ^ 
o o no vS 

r~- co no uo 
ö ö 

I 

|r-oor-r-oooooO(NOro ooNo^oNor^-cocor-ONr- i^j-oo^coO^TfrNTfOuocoô'--''—'cococowoooonO 
«ÖÖÖÖÖÖÖÖ^TfcoöÖÖÖÖ^Tfcoö—1 

. oo — ■ ON <N 
' Ö Ö 

O — ON : o co no 
< co r^- 

NO CO UO ON —- p 
O CN — 

.ooNOOt^- • I/O Tfr p NO CN} ' Ö Ö wo 

:8^g 

O O NO CO O O 

OO NO Tf CO : p p p p uo p 
• CO Tt H CN¡ (N 

o o coi tj- r- — ' 

(N co NO (N 

NO CO r- Tf 
Ö Ö 

I 

VO uo o — 
Ö Ö 

NO oo <N 
Ö Ö 

o o 
I 

o o 
I 

_ _ _ o (N (N co NO ^ : co co cni o on co : cn) : no tj- no <n 
Ö Ö Ö —1 (N OO Ö • Ö • Ö —‘ ^ ^ <N 

• CO ^ : — o 
ö ö 

: © cn) no 
^ ö © 

:s 

: © P «N 
^ oi ' • oo • *— ' 

• 00 f< 
NO ^ cn) r- p CN co 
^,c< 

! 
^oo-L^CN©«^^ — On©On^ 
,—|K,—.^t^-CO^^OO^^NO,—, s + a ^ ^ ^ '—"—'c< a ~ ~ i—.ca^-caa,— 

• on — • wo © on vo o on © on ^ no 
VT1 S + S ^ NT NI > i=r~ Z ~ ^<< << 

^ ÏS18 ^ ^ c< OO CO VO ^ NO 
NO — ^ CO r- r- NO NO c< << 

© American Astronomical Society • Provided by the NASA Astrophysics Data System 



TA
BL

E 
4—

 C
on

tin
ue

d 

a 

PQ 

U 
: O rn < ■ —<’ Ö Ö ^ VO 

ON ON : m 
• Ö Ö 

loosr- 
• —Ö (N 

' O ^ rn m 

' O O m O O O 
VI 

On »r> tJ- 00^0 
Ö oi —’ 

.(NON-— QO^-’—'NOOVNO<Nt^-NOON’-< ; —« rx¡ O (N tí; (N —< —« r—- iri o ^ 
‘ ö ö Ö r4 ö ö ö ö ö (N no r-‘ —' —’ 

.m-— tNcnOv-j o .»o .oooo«OTtO’— iN cn O v-j o fN • — • no *r| "3- co 
Ö Ö Ö Ö CO —o Ö O no co < 

■ ^ NO CO C 
' ö d ö —1 S ö CS 

: On > ■ d ^ oo uo 

; CO CO CN d ON 00 
’ d d d ’ co 

CO OO ON NO NO 00 
d <n d 

G NO (N P 

; CN CO no O OO NO CN 
d d d ■'sf no d 

' o o o — o 

o o o o o - 

G <N OO ON <N on (N NO co O Q CO ^ J>r-TrO(NOCNC0 — CMOOOCNO <u ' d d d d d © d © —' co —’ © 
a ^ 

no r- 
2 <n CO CO 

ON 00 VO CO OO 
«CO^^OO^^'O, ,1/S. 1 NO ^ ^ NO NO 

T'P’S + 3 ^ 3 5'P’i 3 3<< 
(Uv^ m¿o woa.rr!^ <u <u <o ~ ~ s s Z.P.Z ÍZ¡ co it! MOMiTlOO^fchiP-.O^h-'^coco 

+ ? 

r- OO 
Ü 

■ _ • On ^ ’ ' NO • UO © ON VD CNl©^}?S — GNÖON^ri: 
■ ■rt’  TT ^ ^ 

X 
«o _ <ucQ.-Sir>-r <i> <u öJZ1-1 '-1 

,E ffi &L2ÄK 

CO ON NO Tf 
© © 

I 

© © 
I VI 

<N 00 CN CO 
© © 

I 

.OO .^NOOOt^NOCN—< • tT • © © -^ Tf o oo 
‘ © ' ‘ ^ (N tí NO —‘ © 

no no -rj- no ! n/~j f—< O co OO 
' (N no OÑ rf co 

» on co on on 
'©©—¡(Nuooodd 

; tJ- . 
’ CN no es r4 

• © ^ NO UO © © 

© © © N/O (N ^ 1 

' © © 'rj- (N — — 

NO NO NO 
© © 

I 

© NO uo rf 
© © 

© © 
I 

(N NO NT) CO 
© © 

I 

© © 
I 

8 

' CO r- NO NO ^ ^< << 

1 

> 
§ 

•5b 

x 
13 
ë 
G 

« 
(U r¡ CM © 

<SJ 
<30. c« 
ffi.2 

I; 
^ E X \ 
kT 8 
p S 

^X G \ 
’3 ^ (U OO © © NO <U C< 

O ^ © J oa. 

ft ^ 

r- hh 
8o 

3 § 
O o 

■a 

G 
_C 
w 
c3 u X) 
o 

o a 
o G 
o JD 
6 
'o 
H 
2 
Ö u 

13 Ïh 
a 

'G rS 

G 
•a 
O 

§ P; i3,p 
• S ïo ^ , 1/3 

3^1 I o'?:® p - a; o ^ T 

I C O.-“ O ü P.S 
gS.s 

":: s-a 
- ^ 8 & — 

s s ë' o, 
8 ’S g ¡ ¡ ^'^ 8 
úm^Z£¿ g>0 cd .O M T-j a» cx_>< on 

S’?) o 

American Astronomical Society • Provided by the NASA Astrophysics Data System 



19
83

A
pJ

. 
. .

26
6.

 .
48

5P
 

GALAXIES WITH SEYFERT-LIKE NUCLEI 493 

TABLES 
Relative Emission-Line Intensity Measurements: 
Comparison Galaxies with H ii Region Nuclei 

Line 
F(X)/F(Hß) 

NGC 625 NGC 1510 

[Ne v] X3426  
[O H] A3727  
[Ne ni] A3869   
He i + H8A3889... 
[Ne in] + He A3967 
[S il] A4071   
Hô A4102   
H y A4340   
[O Hi] A4363   
He il A4686   
Kß A4861    
[O in] A4959     
[O ni] A5007 ........ 
[N i] A5199   
[Fe vu] A 5721   
He i A5876   
[Fe vu] A6087   
[O i] A6300   
[N il] A6548   
H« A6563   
[N h] A6584  
[S il] A6716   
[S il] A6731   

1.29 
0.25 
0.13 
0.21 
0.01: 
0.22 
0.43 
0.03 

1.00 
1.57 
4.76 

0.14 

0.01: 
0.04 
3.76 
0.16 
0.14 
0.10 

2.41 
0.21: 

0.34 

1.00 
1.30 
3.70 

0.14 

<0.11 
0.16 
4.41 
0.56 
0.36 
0.41 

log(3727/5007)a 

(ET   
-0.45 
-0.04 

0.00 
< 0.11 

IV. RESULTS 

a) Galaxies with Broad Components of Balmer 
Emission 

Three of the Sandage high-excitation emission-hne 
galaxies show straightforward evidence of an active 
Seyfert nucleus in the form of a broad component of 
Balmer emission. The most obvious is NGC 1019 (see 
Fig. 1), where the broad component measures approxi- 
mately 2000 km s"1 FWHM and dominates the Balmer 
lines. Blended broad Fe n emission hnes are also quite 
likely present between Hy and Hß. These properties 
and the observed blue featureless continuum are all 
characteristic of a type 1 Seyfert galaxy (e.g., see 
Osterbrock 1977). 

A much weaker broad component of Balmer emission 
has been observed in the nuclear spectrum of NGC 2992 
(Véron et al. 1980; Shuder 1980). Here the broad emis- 
sion is detected only at Ha, and under the criterion 
given by Osterbrock (1981) the classification of this 
galaxy would be Seyfert 1.9. 

The third high-excitation galaxy with broad Balmer 
emission is UGC 1395. As in the case of NGC 2992, the 
broad component is weak in comparison to the narrow 
emission-line spectrum. However, in UGC 1395, the 
broad emission is faintly present at Hß as well and 
hence suggests a classification of Seyfert 1.8 (Osterbrock 
1981). 

aSee Table 4, notes e and f. 

the measurements, and also the corresponding luminosi- 
ties. 

Einstein Observatory IPC observations have already 
been published for the high-excitation galaxies NGC 
2992 (Maccacaro, Perola, and Elvis 1981), NGC 4507 
(Kriss, Cañizares, and Ricker 1980), and NGC 4388 
(Forman etal. 1979), and for the comparison galaxy 
NGC 7714 (Weedman etal 1981). We have included 
their X-ray luminosities in Tables 6 and 7. 

d) Radio Data 

The Parkes 64 m telescope was used to obtain 6 cm 
continuum measurements for both the high-excitation 
and the comparison emission-hne galaxies. The observa- 
tions were made in two sessions in 1981 February and 
August using a 5.0 GHz cryogenic receiver (system noise 
80 K, bandwidth 500 MHz). The receiver was switched 
between two feeds producing similar beams of 4' (full 
width at half-power), separated by 10T. 

A more detailed description of the observing proce- 
dure, data reduction, and results of the Parkes measure- 
ments will be published separately (Turtle and Phillips 
1983). However, absolute powers derived from these 
data are given here in Tables 6 and 7. 

b) Galaxies with Narrow Emission Lines 

In the remaining 20 high-excitation emission-hne 
galaxies we have observed, the signs of an active nucleus 
are not quite so obvious. For these we must resort to a 
comparison of our optical, X-ray, and radio data with 
similar measurements for both the classical type 2 Seyfert 
galaxies and galaxies with H n region nuclei. As a 
representative sample of the former group, we have 
chosen the Seyfert 2 galaxies studied by Koski (1978) 
which were measured by him to have reddening- 
corrected [O in] \5007/Hß ratios greater than 5.0. As 
examples of galaxies with H n region nuclei, we shall 
employ our four comparison galaxies, supplemented, 
where appropriate, by pubhshed observations of other 
galaxies with H n region nuclei. 

i) Classification of the Optical Emission - Line Spectra 

The relative intensities of the H I, [O i], [O n], [O m], 
and [N n] hnes can be used to great advantage in 
understanding the source of ionization of the gas 
in galactic nuclei showing only narrow emission-hne 
spectra. Such a method has been developed by 
Baldwin, Phillips, and Terlevich (1981, hereafter BPT). 
In its complete form, the BPT method utilizes four 
diagrams in which are plotted combinations of the 
following five emission-hne ratios: Ha/Hß, [O n] 
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TABLE 6 
Optical, X-Ray, and Radio Properties of High-Excitation Emission-Line Galaxies 

Galaxy 
‘[O in] A5007 T b 

^[O in] Á5007 
(10 13 ergs cm 2s !) (104Oergss !) 

FWHM[0III] 

(kms“1) 
Fx (0.2-4 keV) Lx (0.2-4 keV) 

(10 13 ergs cm 2s 1) (104Oergss (102OWHz 1 sr ]) 

UGC 1395. 
NGC 1019. 
NGC 1229. 
NGC 1358. 
NGC 1386. 
NGC 1667. 
NGC 2989. 
NGC 2992. 
NGC 3081. 
NGC 3281. 
NGC 3738. 
NGC 3982. 
NGC 4388. 
NGC 4507. 
NGC 5135. 
NGC 5643. 
NGC 5728. 
NGC 6300. 
NGC 6890. 
IC 5063 ... 
IC 5135 ... 
IC 5201 ... 
IC 1515 ... 

8.0 
6.8 

3.8f 

8.3f 

310f 

18f 

81 

16 
50 

3.8f 

87n 

160c 

180d 

400e 

220s 

330h 

290s 

70h 

250d,i 

md/i 

290h 

200s 

2701 

180h 

200s 

400h 

220s 

240d 

370n 

430s 

100s 

150s 

< 4 

4+1.5 

3.1 ±1.2 
6.6 ±2.8 
3.7 ± 1.4 

<2 
<2 

< 7.4 

84±3J 

2.2 ±0.8 

0.8±0.2k 

7.0m 

6.0 ±0.2 
0.8 ±0.3 
3.7 ± 1.4 

<1.4 
<2.7 

2.9 
< 7.9 

<17 
<2.2 

0.4 
4.7 

<2.2 
4.5 

<0.7 
3.0 

1.4 
2.9 

10 
0.8 
2.3 
0.2 

<0.9 
44 
14 

<0.1 
< 7.1 

Note.—All luminosities are calculated using H0 = 100 km s 1 Mpc and q0 = 0. 
aAAT IPCS 10" slit. 
b Corrected for extinction derived from observed Ha/Hß intensity ratio. 
cLas Campanas 5 A resolution. 
d Véron 1981. 
eAAT IPCS 6 À resolution. 
fFrogel er <2/. 1983á SAAT IPCS 1.95 À resolution. 
hAAT IPCS 0.65 À resolution. 
xLas Campanas 3.7 A resolution. 
JMaccacaro, Perola, and Elvis 1981, mean of two observations. 
kForman era/. 1979. 
1 Véron, Véron, and Zuiderwijk 1981, [S h] XX6716, 6731 FWHM. 
mKriss, Cañizares, and Ricker 1980. 
"Caldwell and Phillips 1981. 

TABLE 7 
Optical, X-Ray, and Radio Properties of Comparison Galaxies with H ii Region Nuclei 

Galaxy 
"[O in] A5007 -[O in] X5007 FWHM, [O Hi] Fx (0.2-4 keV) Lx (0.2-4 keV) 

(10 13 ergs cm 2s x) (1040ergss l) (km s ]) (10 13 ergs cm 2 s l) (1040 ergss l) (1020WHz 1 sr ]) 

NGC 625.. 
NGC 1510. 
NGC 7552. 
NGC 7714. 

1.4C 

8.0e 

36c,g 

50b 

55d 

110f 

194h 

<2 
<2 

7± 1 

< 0.024 
<0.15 

2.3 ±0.3 
3 ± lh 

<0.02 
<0.09 

3.1 
2.7 

Note.—All luminosities are calculated using H0 = 100 km s_ 1 Mpc -1 and q0 = 0. 
a Corrected for extinction derived from observed Ha/Hß intensity ratio. 
bLas Campanas 5 A resolution. 
cFrogelera/. 1983. 
d Véron 1981. 
eWard era/. 1980, 
fAAT IPCS 1.95 Á resolution. 
sFrench 1980. 
hWeedman et a/. 1981. 
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GALAXIES WITH SEYFERT-LIKE NUCLEI 495 

Fig. 3.—High-dispersion emission line profiles of six repre- 
sentative high-excitation galaxies. 

X3727/[0 ni] X5007, [0 m] X5007/H)ß, [N il] X6584/ 
Ha, and [O i] X6300/Ha. Of the four diagrams, the one 
which is least sensitive to reddening corrections is that 
which compares the ratios [O m] X5007/Hß and [N n] 
X6584/Ha. This is plotted in Figure 5 for (a) the 
high-excitation galaxies without broad components of 
Balmer emission, (b) the four comparison galaxies, and 
(c) the classical Seyfert 2 galaxies. Also plotted in the 
same diagram as a solid line is the approximate distribu- 
tion of normal galactic H n regions. 

The comparison galaxies all lie close to the H n 
region line in Figure 5, in confirmation of the original 
assumption that their emission-hne spectra are produced 
in gas which is photoionized by normal O and B 
stars. The points for three of the high-excitation gal- 
axies—NGC 2989, NGC 3738, and IC 5201—also fall 
near the H n region line, implying that the nuclear 
emission in these galaxies is chiefly from H n regions 
photoionized by hot stars. However, the remaining 17 

high-excitation galaxies segregate into an area of the 
diagram well away from the H H regions, which is the 
same region occupied by the Seyfert 2 galaxies. 

Identical results are obtained from comparison of the 
other line intensity ratios as illustrated in Figure 6. This 
BPT diagram plots an average “excess,” (£), of the 
reddening corrected [O m] X5007/Hß, [N n] X6584/Ha, 
and [O i] X6300/Ha ratios with respect to normal H n 
region values versus the line ratio [O ii] X3727/[0 m] 
X5007, which measures the general level of ionization of 
the gas. Again, the four comparison galaxies and the 
high-excitation galaxies NGC 2989, NGC 3728, and IC 
5201 fall in the domain of the galactic H n regions, 
while the other 17 high-excitation galaxies are indis- 
tinguishable from the Seyfert 2 galaxies. 

Several different studies have shown that the gas in 
Seyfert 2 nuclei is most likely photoionized by nonther- 
mal radiation (e.g., see Yee 1980; Shuder 1981). This is 
supported by the unusual strength of the emission Unes 
of very high ionization species such as He+, Ne+4, and 
Fe+6 observed in such objects. A glance at Table 4 
shows that the same lines are present in a large fraction 
of our high-excitation galaxies. Hence, the high-excita- 
tion galaxies mimic the type 2 Seyferts in this respect as 
well. Thus we conclude with confidence that the pre- 
dominant ionization source in the majority of the Sandage 
high-excitation galaxies is not the radiation of young hot 
stars but rather is nonthermal in origin. 

ii) Optical Emission - Line Widths and Profiles 

The emission Unes of the 17 Seyfert 2-like high-exci- 
tation galaxies tend to be slightly broader than those of 
the galaxies with H n region spectra but considerably 
narrower than those of the classical type 2 Seyferts. This 
is seen in Figure la, which is a histogram of the [O m] 
X5007 widths (FWHM) for {a) the high-excitation 
galaxies, {b) the classical Seyfert 2 galaxies, and (c) 
galaxies with H ii region nuclei (consisting of the four 
comparison galaxies, supplemented by data given by 
Balzano and Weedman 1981 and Véron 1981). Note the 
narrow hne widths of the high-excitation galaxies identi- 
fied in the BPT diagrams as having H ii region spectra 
(NGC 2989 and IC 5201) which are most consistent 
with the distribution of hne widths found for the H n 
region nuclei. On the other hand, the mean of 
the distribution in hne widths of the remaining high- 
excitation galaxies is ~ 100 km s_ 1 greater than that of 
the galaxies with H n region spectra—although there is 
considerable overlap between the two groups. Likewise, 
there is some overlap between the high-excitation galax- 
ies and the classical Seyfert 2 galaxies, but with the 
mean FWHM of the latter objects much greater. 

Ignoring the absolute values of the FWHMs, the 
overall hne profiles of nearly all of the high-excitation 
galaxies with Seyfert 2-like spectra are distinguished by 
broad, low-contrast, and often asymmetric wings (see 
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Fig. 4.—Iso-intensity 0.2-4.0 keV X-ray contour map of the field of the high-excitation emission-line galaxy NGC 3081 obtained with 
Einstein IPC. The data have been smoothed by a 32" (FWHM) Gaussian filter and are plotted with contours of 2, 3, 5, 7, 10,... ,a. The 

shadowing window support structure is indicated by straight Unes of 60' length. 

log [ I ( [NII ] X6584 ) / I ( H a ) ] 

Fig. 5.—BPT diagram displaying reddening-corrected [O m] X5007/H/? vs. [N n] X6584/H« intensity ratios for the high-excitation 
emission-line galaxies, classical Seyfert galaxies, and the four comparison galaxies with FI n region nuclei. 
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Fig. 6.—BPT diagram displaying the average “excess” {E) of the reddening-corrected [0 m] A5007/Hß, [N n] A6584/H«, and [O i] 
X6300/H« intensity ratios with respect to normal H n region values vs. the reddening-corrected line ratio [O n] A3727/[0 hi] X5007. 
Galaxies displayed are the same as in Fig. 5. 
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Fig. 3). Although occasionally observed in galaxies with 
H ii region nuclei (e.g., see Ulrich 1972), such line 
profiles are known to occur with such regularity only in 
Seyfert galaxies (Heckman etal 1981; Véron 1981; 
Shuder and Osterbrock 1981). Hence the Une profile or 
FWZI, as opposed to the FWHM alone, would appear 
to provide a better discriminator of Seyfert-like activity. 

iii) Optical, X-Ray, and Radio Luminosities 

Figure lb shows a histogram of the [O m] A 5007 
luminosity for {a) the high-excitation galaxies, (¿>) the 
classical type 2 Seyferts, and (c) galaxies with H n 
region nuclei (represented by three of the comparison 
galaxies and two Sc galaxies observed by Turnrose 
1976). A similar histogram of X-ray luminosity in the 
range 0.2-4.0 keV is given in Figure 7c. Here, the 
data for the eight high-excitation galaxies and three 
comparison galaxies are plotted along with comparable 
Einstein observations of classical Seyfert 2 galaxies 
(Kriss, Cañizares, and Ricker 1980). The broken Une 
indicates the maximum X-ray luminosities of nearby 
“normal” spiral galaxies as represented by M31 and 
M33 (Van Speybroeck etal. 1979; Long era/. 1981). 
Finally, a comparison of the radio luminosities of the 
high-excitation galaxies with those of the classical type 2 

Seyferts and the comparison galaxies is made in Figure 
Id. Included in this histogram is a broken line derived 
from the 1.415 GHz survey of Hummel (1981) (assum- 
ing a mean spectral index of a= -0.8), to the left of 
which would lie 80% of all spiral galaxies with absolute 
magnitudes between -18 and -21. 

In all three wavelength regimes—optical, X-ray, and 
radio—the high-excitation galaxies with Seyfert 2-like 
optical spectra have luminosities extending up to those 
of classical Seyfert 2 galaxies and considerably greater 
than those of normal galaxies. Likewise, the luminosities 
of the high-excitation galaxies are greater than nearly all 
of the galaxies with H n region nuclei, although two 
obvious exceptions are the comparison galaxies NGC 
7552 and NGC 7714, which have luminosities that are 
greater than or equal to those of several of even the 
classical Seyfert 2 galaxies. The X-ray and radio emis- 
sion of NGC 7552 and NGC 7714 is believed to arise 
from a large number of supernova remnants which have 
resulted from a giant burst of star formation (Weedman 
etal. 1981; Charles and Phillips 1982), whereas in the 
case of the classical type 2 Seyferts, the source is more 
often ascribed to the presence of a supermassive com- 
pact object at the nucleus. However, on the basis of the 
optical, X-ray, and radio luminosities alone, it is clear 
that such galaxies are virtually indistinguishable. 
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498 PHILLIPS, CHARLES, AND BALDWIN Vol. 266 

Fig. 7.—Histograms of (a) [O m] X5007 line widths, (b) 
[O in] X5007 luminosity, (c) 0.2-4 keV X-ray luminosity, and (d) 
absolute 6 cm radio continuum power for the high-excitation 
emission-line galaxies. The data are compared with observations of 
representative samples of classically selected Seyfert 2 galaxies and 
galaxies with H n region nuclei. Arrows indicate upper limits. 
Boxes with small circles are high-excitation galaxies found to have 
H ii region nuclei. 

V. DISCUSSION 

a) Definition of Nonthermal Nuclear Activity 

We find that only three of the Sandage high-excita- 
tion emission-hne galaxies—NGC 2989, NGC 3738, 
and IC 5201—appear to have normal H n region activ- 
ity occurring in their nuclei. Three of the remaining 
galaxies—NGC 1019, NGC 2992, and UGC 1395— 
clearly show broad components of Balmer emission 
which betray the presence of classical Seyfert-like non- 
thermal nuclear activity. However, of even greater inter- 
est are the other 17 galaxies with narrow emission lines 
only, whose nuclear activity is apparently closely related 
to that found in classical type 2 Seyfert galaxies. We 
have shown that in terms of the relative intensities of the 
optical emission lines and the general shape of the 
emission-hne profiles, these 17 galaxies are indistinguish- 
able from the classical Seyferts. Why, then, had most of 

these 20 galaxies not been previously recognized as 
Seyfert 2-like?6 

The answer to this question almost certainly lies in 
the long-accepted definition of a Seyfert galaxy as an 
object possessing “strong broad emission lines arising in 
a bright semistellar nucleus.” This quite naturally had 
led to the selection of a small group of galaxies with 
nuclei characterized by high intrinsic luminosity and 
broad lines. But rather than being the sole examples of 
galaxies with nonthermal nuclear activity, our findings 
indicate that the classical Seyfert galaxies are the high- 
energy extreme of a much broader and continuous distri- 
bution of galaxies with nuclear activity which is best 
understood in terms of photoionization by a nonthermal 
source of radiation. 

Further evidence for the continuity between our 
high-excitation galaxies and classical type 2 Seyferts is 
found in Figure 8. Here the [O m] X5007, 0.2-4.0 keV 
X-ray, and 6 cm radio luminosities are plotted versus 
the [O ni] X5007 line width (FWHM). Loose correla- 
tions between line width and X-ray and radio luminosity 
have been presented for the classical Seyfert 2 galaxies 
by Kriss, Cañizares, and Ricker (1980) and Wilson and 
Willis (1980), respectively. The correlation of the [O m] 
line width and [O m] luminosity for such active galaxies 
has apparently not been pointed out before and would 
imply a relation between the energy input mechanism of 
the gas and the total spread in velocity. As may be seen, 
the high-excitation nuclei form a natural low-luminosity 
and narrow-line width extension of these correlations. 

The X5007 equivalent widths observed for the high- 
excitation galaxies range from 20 to 600 À, with a mean 
of 130 Á. We estimate that, as an upper limit, a nonther- 
mal source could contribute only 0.10-0.30 of the 
underlying spectrum recorded in our data at X5007. 
Correcting for this factor, the [O m] X5007 equivalent 
widths relative to the nonthermal continuum are in good 
agreement with the values ranging up to 5000 A given 
by Osterbrock (1978) for classical Seyfert 2 galaxies. 
There is, therefore, no evidence to suggest that details of 
the emission-hne cloud structure or covering factor dif- 
fer between the classical type 2 Seyferts and the high-ex- 
citation galaxies described here. 

b) Implications of Line Widths and Infrared Colors 
as Indicators of Nonthermal A ctivity 

This view of the classical Seyfert 2 galaxies as merely 
the extreme members of a much larger family of galaxies 
with similar, but less obvious, optical nonthermal nuclear 

6 The high-excitation galaxy NGC 4507 is the only member of 
the sample to be found in Weedman’s (1977) list of classically 
selected Seyfert galaxies. However, the Seyfert 2-like nature of the 
nuclear emission of NGC 2992 was first pointed out by Ward et al 
(1978). In addition, since this research was begun, the Seyfert 
characteristics of the high-excitation galaxies NGC 3081, NGC 
3281, NGC 5728, NGC 6890, and IC 5135 were independently 
reported by Véron (1981). 
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Fig. 8.—Absolute [O m] A 5007, 0.2-4 keV X-ray, and 6 cm radio continuum luminosities plotted vs. [O m] A 5007 emission-line width 
for classically selected Seyfert 2 galaxies and for the 17 high-excitation galaxies with Seyfert 2-like nuclei. 

activity has several important implications. First, the 
recent suggestion by Balzano and Weedman (1981) and 
Shuder and Osterbrock (1981) that galaxies having 
nuclear emission-hne widths less than 250-300 km s-1 

are not characterized by nonthermal activity is clearly 
incorrect. In hindsight, the artificial nature of this limit 
is obvious since most of the galaxies considered by 
Balzano and Weedman and Shuder and Osterbrock as 
representative of nuclei with nonthermal activity were 
those which met the classical definition of a Seyfert 
galaxy. Not surprisingly, therefore, these galaxies were 
found to have broad emission Unes. 

Balzano and Weedman also concluded that nonther- 
mal activity in Seyfert galaxies is nearly always associ- 
ated with di J - K color in excess of 1.1. Infrared pho- 
tometry through apertures comparable to those used by 
Balzano and Weedman is available for nine of the 
Sandage galaxies with Seyfert 2-like relative line inten- 
sities: NGC 1358, NGC 1386, NGC 2992, NGC 3081, 
NGC 3281, NGC 4388, NGC 4507, NGC 5643, and 
NGC 6890 (Ward etal 1982; Frogel et al 1983). For 
four of the nine—NGC 1358, NGC 1386, NGC 3081, 

and NGC 5643—the J - K measurement is <1.1, and 
so again, the Balzano and Weedman criterion would 
exclude a significant number of galaxies with nonther- 
mal nuclear activity if the Sandage sample of galaxies is 
representative. Certainly the inference from this is that 
the relative line intensities and the overall profiles of the 
optical emission lines are better discriminators of non- 
thermal activity than luminosity, the absolute value of 
the FWHM, or even the / - X color. 

c) Incidence of Nonthermal Nuclei in Galaxies 

Another important result is that galaxies with optical 
nonthermal nuclear activity are considerably more com- 
mon than has previously been realized. This is made 
obvious in Figure 9, which shows a histogram of 
galactocentric radial velocity for {a) the 17 Sandage 
high-excitation galaxies with narrow Seyfert 2-like emis- 
sion Unes and (b) the sample of classical Seyfert 2 
galaxies defined by high intrinsic luminosity and broad 
Unes. Fully 84% of the Sandage galaxies have radial 
velocities less than 5000 km s-1, whereas the same is 
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Fig. 9.—Histogram comparing galactocentric radial velocities of classically selected type 2 Seyferts and the 17 high-excitation galaxies 
with Seyfert 2-like nuclei. 

true of only 38% of the classical Seyfert 2 galaxies. Thus 
the Sandage galaxies—i.e., those with lower luminosities 
and narrower emission Unes—are the most common 
form of optical nonthermal nuclear activity to be ob- 
served. Unfortunately, it is very difficult to be more 
specific as to the actual percentage of galaxies in which 
such activity is present. Perhaps a meaningful lower 
limit is 3%-4%, which is derived from the Sandage 
sample. If this sample is limited to just spiral galaxies 
(since only one of the Sandage galaxies with nonthermal 
activity is an elliptical or SO), then the lower limit 
becomes approximately 5%.7 

For many years, type 1 Seyfert galaxies were thought 
to outnumber those of type 2. Recently, however, in a 
study of all Seyfert galaxies with radial velocities v0 < 
5000 km s" \ Simkin, Su, and Schwarz (1980) suggested 
that the distribution of types was more evenly split. Our 
observations now imply that the division becomes more 
like 2/1 in favor of the type 2 galaxies. We would point 
out that this number is still probably an underestimate, 
since type 2 Seyferts are more likely to be overlooked 
than those of type 1. 

d) Relation between Nonthermal and H II Region 
Nuclei 

Finally, the degree of overlap in observable parame- 
ters between the distribution of galaxies with optical 
nonthermal nuclear activity and those with H n region 
nuclei deserves further comment. It has at times been 
suggested (e.g., see Weedman et al 1981) that a link may 
exist between luminous “starburst” galaxies such as 
NGC 7552 and NGC 7714, with H n region nuclei, and 
the nonthermal activity of the kind observed in the 
Sandage high-excitation galaxies and the classical type 2 

7We emphasize that the present investigation was limited to 
only those galaxies which Sandage described as having N2 » Hß. 
Little is known of the nature of the nuclear activity in the 14 
galaxies in the same sample of 666 for which Sandage noted 
N2 > Hß. 

Seyferts. As Weedman ei a/, suggest, a starburst might 
naturally lead to the formation of one or more massive 
compact objects in the nucleus, and gas accreting onto 
such objects could eventually produce the type of non- 
thermal activity observed. Circumstantial evidence in 
support of such a link in at least some of the Sandage 
galaxies is found in the form of a substantial population 
of young hot stars in the nucleus. This is particularly 
obvious in the spectra of NGC 5135 and IC 5135, which 
both show blue nuclear continua which are quite likely 
due to very young hot stars (see Fig. 1). In the case of IC 
5135, narrow low-excitation H n region line emission is 
observed just outside the nucleus, reinforcing the idea 
that considerable star formation has occurred recently. 
Similar cases of an active nucleus lying in the midst of a 
complex of H n regions are found in the galaxies NGC 
1365 (Phillips and Frogel 1980), NGC 7496 (Véron et al 
1981), and NGC 7582 (Ward etal 1980; Véron et al 
1981). A search for more examples of such galaxies 
should be undertaken since they represent particularly 
promising objects for detailed study of the interplay 
between H n regions and nonthermal activity in the 
nuclei of galaxies. 

VI. CONCLUSIONS 

To summarize, the main points of this paper are 
1. The nuclear activity in nearly all of the Sandage 

sample of nearby high-excitation emission-line galaxies 
appears to be nonthermal in origin and closely resem- 
bles that observed in classical type 2 Seyfert galaxies. 

2. These Sandage galaxies may be characterized 
as low-luminosity, narrow-emission-line examples of 
Seyfert 2 galaxies, whereas classically selected type 2 
Seyferts are merely the high-energy extreme of a much 
broader distribution of nonthermal activity. 

3. The Sandage high-excitation galaxies represent the 
most common form of optical nonthermal nuclear activ- 
ity, which perhaps occurs in 5% or more of all spiral 
galaxies. 
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