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THE SOFT{X {RAY SPECTRAL SHAPE OF X {RAY {W EAK
SEYFERT S[]

Brian Rush and M atthew A .M akan
D epartm ent of P hysics and A stronom y, University of C aliformia, Los Angeks, CA 90095{1562;
rush,m akan@ bonnie.astro uclk edu

ABSTRACT

W e present and analyze RO SAT {PSPC obsarvations of eight Seyfert 2 galaxies, two
Seyfert 1/Q SO s, and one IR {lum inous non{Seyfert. These targets were selected from
theExtended 12 m G alaxy Sam ple and, therefore, have di erent m ultiwavelength prop—
erties from most (optically or X {ray selected) Seyferts previously observed in the soft
X {rays. The targets were also selected as having atypical X {ray uxes am ong their re-
Fective classes, eg. relatively X {ray strong Seyfert 2sand X {ray weak Seyfert 1/Q SO s.

C om paring our observations w ith those from the RO SAT A 1l{Sky Survey, we nd
variabilty (ofa factorof15] 2 In ux) in both of the Seyfert 1/Q SO s, but in none of
the Seyfert 2s. Both variable ob cts have stesper photon indices In the m ore lum inous
state, with the softest (< 1.0 k&V) ux varying the m ost. T he tin escales indicate that
the variable com ponent arises from a region less than a parsec in size.

F itting the spectra to an absorbed power{law m odel, we nd thatboth the Seyfert 2s
and the Seyfert 1/Q SO sarebest tw ith a photon Index of3.1| 32. Thisis In agreem ent
w ith the average photon index of a sam pl of M arkarian Seyfert 2s observed by Tumer,
Urry, & M ushotzky (1993), indicating that m ost Seyfert 2s, even those digplaying a
w ide variety m ultiv avelength of characteristics, aswell as som e Seyfert 1/Q SO s, have a
photon index m uch stesper than the canonical (Seyfert 1) value of 1.7. One possble
explanation isthat these ob pctshave a  atter continuum plusa soft (K 1:0 keV ) excess
n the orm ofhigh{EW iron and/or oxygen uorescence lines, a black{body or even a
them alplagan a. A ltematively, the underlying continuum m ay indeed be stesp, powered
by a di erent physical m echanism than that which produces the at continua in other
Seyfert 1s/Q SO s.

W e In aged one Seyfert 2 NG C 5005) with the ROSAT HRI, nding about 13% of
the soft X {raysto com e from an extended source. T his ob ect also hasthem ost evidence
from goectral tting for an extra contrdbution to the soft{X {ray ux in addition to a
power{law com ponent, indicating that di erent com ponents to the soft X {ray spectrum
ofthis cb fct (and lkely ofother X {ray{weak Seyferts) m ay com e from spatially distinct
regions.

Subct headings: G alaxies: Active | Galaxies: Nuclki | Galaxies: Seyfert | X {Rays:
G alaxdes

LA ccepted for publication in the 10 January 1996 issue of ApJ.
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1. Introduction

A Yhough Seyfert galaxies and quasars have been
well studied In the X {rays, most previous obser-
vational scrutiny has been devoted to the brighter
Seyfert 1/Q SO swhich arem ore easily detected. T here
are few observations of those Seyfert 1/Q SO s which
are relatively X {ray weak or of any Seyfert 2, and
not all of those have been m easured well enough for
detailed spectral analysis. T his paper discusses new
RO SAT spectra of such ob fcts, broadening the range
of types of AGN observed In the soft X {rays. This
can provide us w ith an understanding of the soft X {
ray nature of (low lum inosiy) AGN which is m ore
representative of this entire class of ob fcts, and free
from the biases which can result from analyzing only
a anall subset AGN types.

P revious X {ray m issions, in the 2{10 keV energy
range, found Seyfert galaxies (m ostly Seyfert 1s) to
be best t by power{law spectra wih a photon in-
dex of about 171 19 (eg. Mushotzky 1984;
Tumer & Pounds 1989). However, the RO SAT spec—
tra of Seyferts generally have steeper photon indices,
of about 24 for Seyfert 1s (Tumer, G eorge, &
M ushotzky 1993, hereafter TGM ) and even steeper
values 32, for Seyfert 2s (Tumer, Urry, &
M ushotzky 1993, hereafter TUM ). There are sev-—
eral possible explanations for these steep observed
Indices. This could indicate a steeper intrinsic con-
tinuum slope, or altematively adding a \soft X {ray
excess" to an underlying power{law m odel usually
Inproves the t and attens the best{ t continuum
slope. The nature of this soft excess has been sug-—
gested to be one or more of the ollowing: Fe{L
and/or O xygen{K em ission lines around 0.8{1.0 keV,
a low {tem perature blackbody, an optically {thin ther—
m alcom ponent, a steep second pow er{law , or the un-
derlying hard continuum leaking through a partial
absorber. It is not evident that a combination of a
power{law and a soft excess isnecessary n allob gcts.
Perhaps a large am ount of absorption (N g 10%%)
could harden an even softer underlying power{law to
give the observed spectrum , or a strong blackbody or
optically {thin them al com ponent could account for
allofthe ocbserved soff{X {ray ux,w ithout an under-
ying power{law even being necessary.

T hese large ob ct{to{cb ct di erences in the ob—
served range of Ly =L, In Seyfert 1sand Q SO sofa
factor of 300 (eg., values of .y ranging from {1.0/{
11 to {1.9| Picconottiet al. 1982; Tananbaum et

al. 1986) re ect substantial undam ental di erences
in the structure of their central engines. A large dif-
ference In X {ray properties is also seen in the spectra
of Seyfert 2s. For exampl, NGC 1068, the proto—
type ofa Seyfert 2 which m ay be a hidden Seyfert 1,
is also the brightest and best observed Seyfert 2 in
the X {rays. It appears to have a very steep soft X {
ray soectrum (M onier & Halpem 1987), but ism ore
like Seyfert 1s at high energies K oyam a et al. 1989),
and does not resam ble the average spectrum of other
Seyfert 2s observed w ith the IP C, or the spectrum of
the Seyfert 2M kn 348 observed w ith G inga W arw ick
et al. 1989).

These di erences, lead to the question of whether
the usual Seyfert 1| Seyfert 2 dichotomy, usually
m ade based on optical spectra, is a physically accu—
rate way to classify these ob cts in the X {rays. O b-
servations of a w ide range of Seyfert galaxies are nec—
essary to determm Ine w hether Seyfert 1s and Seyfert 2s
represent two prim arily distinct classes of ob gcts, or
if they are better descrbed as having a continuous
range of properties, and whether the observed di er-
ences are intrinsic to the nucleus, or represent vary—
Ing circum nuclear properties, such asthe am ount and
distrdbbution of absorbing m aterdial. O ur data suggest
that a subset of Seyfert 1s (of which we discuss only
tw o ob ects in thisw ork, but which m ay includem any
other ob fcts) are m ore Intrinsically sim ilar w ith re—
spect to the source of the soft X {ray em ission) to
most Seyfert 2s than to other Seyfert 1s. This is
m ost lkely explainable if di erent m echanian s pro—
duce the X {rays In the X {ray{quiet ob cts. If the
standard X {ray eam ission m echanisn s (eg. Inverse{
Com pton scattering of lower energy photons by rel-
ativistic electrons, direct synchrotron em ission from
relativistic electrons produced near the centralengine
or gt, and/or them al em ission from the hot inner
partsofan accretion ow) are In fact virtually \tumed
o " in these ob fcts, it is quite possible that weaker,
m ore exotic m echanisn s (eg., optically thin them al
em ission from the hot intercloud m edium ) m ay con-—
trbute signi cantly to the X {rayswe actually detect.

2. Target Selection and O bservations

2.1. Selection 0f0O Db jects from the 12 M icron
Sam ple

The ob fcts for which we have obtained pointed
PSP C spectra were carefully selected for several rea—
sons. First, they are from (W ith the exception of



PG 1351+ 640) them ost com plete and unbiased source
of bright AGN s com piled to date| the Extended 12
M icron G alaxy Sampl Rush, M akan, & Spioglio
1993). This sampl is com plte relative to a bolo—
metric ux level, and inclides those Seyferts which
are the brightest at longer wavelengths, including a
truly representative num ber ofboth X {ray {quiet and
X {ray{loud obfcts. W e selected the IR {brightest
Seyfert 2s from this sampl which had not previ-
ously been observed in any pointed X {ray m ission.
W e also selected two typical exam ples of relatively
X {ray{weak Seyfert 1/Q SO s. M kn 1239 has one of
the lowest detected X {ray uxes of all 55 Seyfert 1s
in the 12 m Sampl (20 counts and 0.05 cts/sec in
the ROSAT A l{Sky Survey| Rush et al. 1996), and
PG 1351+ 640 has the stegpest ,x (-1.91) of the 66
PG QSO s dbserved by E instein (Tananbaum et al.
1986).

Second, the 12 m {selected Seyferts are qualita—

tively di erent from those observed previously. H alpem

& Moran (1993) pointed out that the Seyfert 2s usu—
ally observed, wih polarized broad lines, are re—
stricted to those w ith relatively strong UV excesses
(bound by the M arkarian surveys; eg. those re-
ported In TUM ) which are also rhtively radio{
strong. Compared to these M arkarian Seyfert 2s
(m any of which were observed but not detected by
G Inga| Awaki1993), the targets we observed have
redder optical/infrared colors, weaker and an aller ra—
dio sources, larger starlight fractions, and steeper
Balm erdecram ents| m ore representative ofSeyfert 2s

asageneralclass. Sin ilarky,M kn 1239and PG 1351+ 640

di er from those broad{line AGN usually ocbserved,
in that they are speci cally chosen to have relatively
weak X {ray uxes. Theone IR {lum lnous non-Seyfert
we observed w as chosen by cross{ referencing the non {
Seyferts in the 12 m Sample wih a large sam ple of
IRA S galaxies detected in the RO SAT A 1I{Sky Sur—
vey (hereafter RASS; Boller et al. 1992; Boller et
al. 1995b) for those non{Seyfertsw ith the highest IR
um nosity and X {ray ux.

2.2. Pointed ROSAT PSPC Observationsdur-
ing AO2{A04

T he observationswere carried out A0 2| AO 4 (from
1991 Decamber to 1993 O ctober) with the RO SAT
X {ray telescope, wih the Position Sensitive P ro—
portional Counter PSPC) in the focal plane. The
PSPC provides spatial and spectral resolution over
the ull eld ofview of 2 which vary slightly with

pho energy E . The energy resolution is E/E =

041/ Eyxev . The on{axis angular resolution is lin -
ited by the PSPC to about 25%, and the on{axis ef-
fective collecting area, including the PSPC e clency,
is about 220 an? at 1 keV (@Brinkm ann 1992). See
Tabl 1 for a summ ary of the cbservations and count
rates for each ob ect, where the ob cts are listed in
decreasing order of total counts obtained.

W e have also obtained ROSAT A 1{Sky Survey
data for alm ost all of the Seyferts n the 12 m and
CfA samples. This will be discussed in another pa-
per to be com pleted shortly after this one Rush et
al. 1996). Those data, on over 100 Seyferts spanning
a w ide range of characteristics, w i1l com plem ent this
work by enabling us to address statistically the scien-—
ti c issues discussed below for individual ob fcts.

3. Data Analysis

For each step of the data analysis discussed be-
low , only those counts in pulse invariant (P I) channels
12| 200 inclusive are included. T he lower lim it is set
by the fact that the lower level discrin inator lies jast
below this lim it, so any data taken from lower chan-
nels cannot be considered as valid events. Further-
m ore, analysis of the PSP C P SF has shown that the
positions of very soft events cannot be accurately de-
term ined because ofa ghost in aginge ect (J.Tumer,
p.comm ). The exact level at which thise ect is sig-
ni cant isdi erent for each cbservation (H asinger &
Snowden 1990), so we conservatively chose to exclude
P Ichannelsbelow 12. TheupperP I channel inclided
is 200, since them irror e ective area fallso rapidly
athigherenergies. W ehavealsode ned low ,m edium ,
and high energiesto referto P I channels 12| 50, 51|
100, and 101| 200, respectively, and \all" energies
refers to P I channels 12| 200.

T he spectral analysis was done by  rst extracting
spectra from the events le using the QPSPEC com —
mand in the PRO S package In IRAF .W em ade sure
that the output 0of PRO S were properly com patble
with X SPEC, in particular w ith regards to the m an—
ner in which these two packages deal w ith binning
and calculating statisticalerrorsf] W e then  t simplke
m odels using the X SPEC software, w ith the events in
P I channels 12| 200 binned so as to include at least
20 counts In each bi, allowing ? technijques to be

2T his sin ple but very im portant procedure is explained in detail
at |l-1ttp :/ /heasarc gsfc.nasa.gov/docs/rosat/to_xspec.htm l
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appljedﬂ W e used the m ost recent response m atrix
available, released from M PE in 1993 January. W e

rst t the data to the standard absorbed pow er{law
m odel, both w ith allparam eters ( , Ny , and nom al-
ization) free and with Ny xed at the G alactic value
(see Table 2). W e use the photon index, , de ned
such thatN / N = num ber ofphotons), which
is output by the tting routines In X SPEC . This re—
lates to the spectralslope, ,de nedby F / , as

=1 . W e also perform ed severalother ts, etther
adding a themm al com ponent to the power{law or t—
ting only a them al com ponent. T hese are discussed
n x

T he quoted uncertaintiesare at the 90% con dence
Jevel, assum Ing one free param eter of interest (Lam p—
ton, M argon, & Bowyer 1976), when available (ie.,
w hen the chi{squarem inin ization to detem ine these
uncertainties properly converged; these are denoted
as separate upper and lower uncertainties). O ther—
wise, the 1 uncertainty on each param eter is given
(denoted as a single value.)

H ardness ratios provided a sin ple approxin ation
to the spectral shape, even for those ob fcts which
didn’t have enough counts to accurately t a spec—
tralmodel to (see Tabl 3). The hardness ratio is
de nedasHR= @ {B)/@+B),whereA = ctrt (0.12{
100 kevV) and B = ctrt (1.01{2.00 keV ). A Iso given
istheratio A/ @A+ B), which we refer to asF g

T he spatialanalysiswas done using the SAO In age
display In RAF /PRO S.Each ofthe sourcesw ere ob—
served at the centerofthePSPC  eld, w ith the excep—
tion of NG C 1144, which was about 20° south of the

eld center. T his ob ct waspartially occulted by the
telescope support structure and we thus corrected the
exposure tin e accordingly. The accum ulated PSPC
counts for each ob fct were calculated using the M —
CNTS task n IRAF/PRO S and are listed in Table 1.
A llcounts in a circular region surrounding the source
are given, after subtracting the background, as calcu—
lated In a source{free annular region just outside the
circle.

Finally, using the TIM SORT and LITCURV tasks
in PRO S, we extracted light curves for each ob fct.
Thiswasdone ndividually for low ,m edium , and high
energies and for all energies. A 1l of the ob fcts were

We only required 10 counts per bin both NGC 3982 and
CGCG 022{021, and 5 counts per bin in NGC 1144, in or-
der to have at least 7 bins for the ts; this m akes the results
extrem ely rough, but otherw ise we would have only 3{4 bins,
w ith which no ts could be done.

observed over periods of no m ore than 8 days, ex—
cept orNGC 3982 and PG 1351+ 640, which were ob—
served In severalsegm ents, spanning 5 and 11 m onths,
respectively, allow Ing us to test for variations on a
half{year to year tim e scale.

4. Results

4.1. Variability
41.1. Seyferts

A ny variation in the spectra ofour Seyfert 2swould
have be considered an inportant resul, as there
are only a coupl reports to date of X {ray variabil-
ity In Seyfert 2 galxies eg., h NGC 1365 TUM
and, possibly, in M kn 78| Canizares et al. 1986),
and none of these are conclusive (eg. the varia-
tion In NGC 1365 m ay be due to the serendipitous
sources). However, no signi cant short{tem varia—
tion was found for any Seyfert 2 in our sam ple. The
one ob kct which was observed overa 5 m onth period,
NGC 3982, showed no signi cant variation over this
tin e scale either (see, for exam ple, the count rates in
Tabk 1).

W e also com pared the count rates of our pointed
observations to those obtained during the RO SAT
A 1l{Sky Survey for the same obfcts Rush et al
1996), as shown In Figure 1. Point sizes In Figure 1
are proportional to the square of the total countsﬂ
In our pointed observation and errorbarsare 1 sta—
tistical uncertainties in the count rates. The RA SS
wastaken during 1990 July| 1991 February, thus this
com parison provides tim elines of 1| 3 years for the
various ob gcts. As can be seen, the 5 Seyfert 2s
with the most counts in our observations show no
sign of variability since the RASS. That the count
rates for two of the fainter Seyfert 2s and for the one
IR {lum inousnon{Seyfert aredi erent isprobably not
an indication of variability, since we have extrem ely
low counts for those ob gcts (in both our observations
and the RA SS), and i is unlkely that only the ob—
Bcts w ith the fewest observed count rates would be
the only ones to vary.

4Several gures have point sizes proportional to counts instead
of count{rate or ux. This is because the form er is also an
indicator of SNR and thus also of the statistically accuracy of
spectral ts and other quantitative results. A lso, this m akes
little di erence since the exposure tim es vary only by a factor
oftw o am ong our ob fctsw hile the totalcounts vary by a factor
of 20.



412. Seyfert 1/QSOs

However, there is evidence for variation in both
of our Seyfert 1/0 SO s. From Tabl 1 and Figure 1,
we can see that M kn 1239 increased its count rate
by about a factor of two between the RA SS and our
observation (over21| 28 m onths, degpending on when
this ob ct was observed during the RA SS) . T he spec—
tral slope steepened slightly during this period, from

= 269 to = 294 (brapower{law t,with N
constrained to Ny ;gal, which is the only spectralpa-
ram eter we have from the RA SS).

W e don’t have RASS data for PG 1351+ 640, but
we can see that it varied during our observations,
which spanned the 11 months from 1992 N ovem ber
to 1993 O ctober, increasing its total counts and ux
by factors of 1.5 and 14, respectively (a 10 re
sul). T he spectral shape varied, becom ing steeper as
thisob ct becam em ore um inous, asw ith M kn 1239.
The 012] 1.00 keV count rate ncreased by 59%,
whereas the 1.00|] 2.00 count rate only increased by

14% , as indicated by the counts and hardness ra-
tios of Table 3. The best{ t photon index steepened
slightly, from 2.54 to 2.73 (see Tablk 2).

That the spectra of both of these ob ects steep-—
ened during the m ore lum inous state indicates that
m ost of the variability was at the low est energies (ie.,
below 1 keV). The tin escale of the variability puts
an upper 1 it on the size of the em itting region for
this soft com ponent, of much less than a light{year
for PG 1351+ 640, and less than two light{years for
M kn 1239, restricting the source to the area notm uch
larger than the broad{line region.

4.2. SpectralF itting
42.1. Power{Law M odels

We t each of our spectra to a sinple absorbed
power{law m odel, both wih Ny held constant at the
G alactic value, and allow Ing it to vary. A s an exam —
rl, we show iIn Figure 2 the data and folded m odel
forour highest SNR ob®ct, PG 1351+ 640.Below we
discuss how the spectra for the other obfcts di er.
W e also show, in Figure 3, the 2 contour plot which
results from m inin izing ? asa fiunction ofNy and
forthis ob fct. T he contours represent the 68% , 90% ,
and 99% con dencelimits (1 ,1.6 ,and 2.6 ,respec—
tively) and the plus m arks the best{ t value. The
contour plots for our strongest 6 ob gcts (in tem s of
total counts| PG 1351+ 640; NGC 5005; M kn 1239;

NGC 424; NGC 4388; and NGC 5135) look roughly
the sam e as this one, and those for the other ob fects
Jook increasingly \bent", w ith lesswell{de ned m ax—
In a as the total num ber of photons decreases.

A s indicated in Tabl 2, when Ny is allowed to
vary, the best{ t value is always higher than the
G alactic value, by a factor of 2| 3 (again, for the
6 well{detem ined spectra), the one exception being
PG 1351+ 640 which show sno increase. T he fact that

2 (reduced ) decreases by 35-50% when allow -
ing Ny to vary indicates that these values are m ore
accurate than the G alactic ones. T his indicates that
there is indeed som e Intemal absorption of one form
or another in these ob Fcts, and that the underlying
slope is steeper than that which is obtained when re-
quiring Ng =Ny ;gal. W e ilustrate this in Figure 4,
where we plot the photon indices obtained with Ny
free versus w ith Ny xed. M ost of our Seyfert 2s, as
well as those from TUM , have the form er steeper by

1.

T he average values of which we obtain w ith Ny
free are = 3:3 Prour4 Seyfert 2s with su cient
counts, and " = 320 forour wo Seyfert 1/Q SO s.
T hese values are sin ilar to the six Seyfert 2s observed
by TUM ,which have = 3:16,butdi er from the six
Seyfert 1/Q0 SO s observed by TGM which have =
241.

In Figure 5, we plot the photon index versus count
rates for the pointed observations ofthiswork, TUM ,
and TGM .W e see that m ost of the ob fcts have sig—
ni cantly steeper values of than the old canon-
ical value of 1.7 (dotted line). A1l of our wellf
observed Seyfert 2s ( lled triangles), and most of
TUM ’'s Seyfert 2s (open triangles), and both of our
Seyfert 1/Q SO s have values of 3. The one ex—
ception is M kn 372 which has a value of = 22.
However this ob fct is now known to be a Seyfert 1,
and, as expected lies close to the average value of the

Seyfert 1/0SOs from TGM at  24.
W hat these data show usisthat, not only dom ost
Seyfert 2shave a best{ tphoton index around 3,

but also that Seyfert 1s are divided between ob ects
w hich have sin ilar spectral slopes as Seyfert 2s and
those which have atter spectra w ith 22.Physi-
cal explanations for this are discussed further in x El.

and XE



422. IntemalAbsorption

For each of our targets, we looked at the best{ t
hydrogen colum n density as com pared to the G alactic
valie, and com pared this to the photon indices and
hardness ratios, to try to detem ine the signi cance of
intemal absorption and how thisa ectsthe observed
count rates and spectral shape. Figure 5 seem s to
Indicate that a few of the faintest ob ects also have
the hardest spectra. T his is tentative, how ever, since
these ob fcts are the ones w ih the fewest photons
and the data are not very trustworthy. However, we
do note that, if real, this is consistent w ith these faint
ob gcts being the m ost heavily absorbed (ie. wih
low signal{to{noise, a heavily absorbed, intrinsically
steep spectrum would appear sin ilar to a relatively
unabsorbed at spectrum ). W e investigate this trend
further by plotting the spectra of our 8 brightest ob—
Bcts In Figure 6 (in order ofbrightness, from the up-
per kft, down to the ower right), t to a power{law
with Ny free. The general trend is for the fainter
ob cts to have harder spectra (@s also indicated by
the hardness ratios in Tabl 3), with the 4 highest
hardness ratios belonging to 4 of the 5 lowest{count
ob fcts (the exogption being NGC 3982 which actu—
ally has one of the low est hardness ratios).

To determ ine whether these harder{spectrum ob—
Bctsm ay be m ore heavily obscured by dust, we have
com pared theirRO SAT hardness ratiosto their IRA S
colors (see Figure 7). Six of our ob fcts are very
dusty in the far{IR, having values of IogF ,50=F ;5

08 10, which is am ong the reddest Which
probably m eansm ost dust{enshrouded) third of even
Seyfert 2s (Rush et al. 1993). T his iIncludes the four
low est{count ob cts In our sam ple. C onversely, both
PG 1351 and M kn 1239 have valies of ogF ;60=F ;25

0:15, which is am ong the hottest 20% of even
Seyfert 1s. H ow ever, there isno strong relation ofthe
IRA S color to the hardness ratio other, other than
that of the three hardest ob ects are also am ong the
reddest.

Taken together, these results indicate that there is
a trend for the fainter ob cts to have harder RO SAT
spectra, indicating that absorption is partially re—
soonsble for steepening the spectra. However there
is less evidence that the am ount of absorption is cor-
related w ith redness/dustiness in the galaxy, as de-
tem ined from IRA S colors.

4.2.3. AdditionalM odels

W e also tted som e of our spectra to other m od—
els. These Inclide a power{law plis an em ission
line or therm alcom ponent R aym ond{Sm ith them al
plasn a orblackbody), or a therm alcom ponent alone.
A s discussed In x @ for Individual ob fcts, there are
several cases where the ts In prove, ndicating that
more than a sinplk power{law m ay be necessary to
explain the soft X {rays.

First, we added an additional com ponent to the
underlying power{law. The ts to neither of our
Seyfert 1/Q SO s were im proved by adding another
com ponent. This is as expected, as the power{law

ts to both obfcts were quite good (? of 0.79 and
0.67 orPG 1351+ 640 and M KN 1239, respectively).
The tdid mmnprove, howeverwhen we added an em is—
sion line to som e of our Seyfert 2s. See, for exam ple,
Figure 8 which show sthem odel for a power{law plus
gaussian em ission lne ttoNGC 5005. Thebest{ t
energy for this line is at 0.8 keV , around the energy
expected for Fe{L and/or O xygen{K em ission lines.
A dding this com ponent also hasthe e ect of atten—
ing the underlying power{law slope from 3.0 to 24.
Sin ilar results are obtained forthe tstoNGC 5135
and NG C 4388, which are slightly in proved by adding
em ission lines at 0.5, and 0.6 keV , respectively.

W ealsotried ttingeach ob pctto a them alm odel
only. Again, both Seyfert 1/Q SO s were not t at
all well in this way. However, several Seyfert 2s
(NGC 5005,NGC 5135,NGC 5929, and NGC 1144),
were t better (ie. lower 2 for the sam e num ber
of free param eters) by a 02 keV black{body than
by an absorbed power{law (see, for exam pl F igure 9
for the black{body tto NGC 5135). This is signif-
icant In that i prevents us from saying conclisively
that the soft{X {rays from these ob fctsare associated
w ith the AGN at all, and that they m ay sim ply be due
to stellar processes. It isnot lkely that RO SAT data
alonew illbeablto nally distinguish between stellar
and non{stellar explanations for the X {ray em ission
from Seyfert 2s, as the most de nitive tests to dis-
crin inate between such m odels are best done in the
hard X {rays (e€g. Imasawa 1995).

4.3. SpatialExtent
43.1. HRIImage ofNGC 5005

Ifm ultiple com ponents are responsible for the soft{
X {rays in these ob gcts, it is quite possible that they



are from gpatially distinct regions, as isalready know n
to be the case for som e brighter Seyfert galaxies. For
exam ple, the brightest and best observed Seyfert 2 in
the X {rays isNG C 1068, the prototype ofa Seyfert 2
which m ay bea hidden Seyfert 1. HRI In aging W il
son 1994; Halpem 1992; W ilson et al. 1992) of this
ob et reveals at least three com ponents to the soft{
X {ray em ission: (a) a com pact nuclkar source, coin-—
cident w ith the opticalnucleus, (o) asym m etric em is—
sion extending 10{15°N | NE, closely correlated w ith
the radio gt and narrow {line [0 III] em ission, and (c)
large{scale (60%) em ission w ith sin ilarm orphology to
the starburst disk. T hese three com ponents com prise
55, 23, and 22% ofthe X {ray ux, respectively.

To Investigate whether sim ilar structures m ay be
resoonsible forpart ofthe soff X {rays from our much
fainter) ob fcts, we obtained a 27 ksec HRI expo—
sure of our brightest Seyfert 2 galaxy, NGC 5005,
shown in the contour plot in Figure 10 (the con-
tour values range from 0.05 to 0.60 photons/pixel
and the spatial resolution is 0%5/pixel). The cen—
tralsource spans 20% x 20%, and is signi cantly ex-
tended EW HM 109 as com pared to the HRTI on{
axisPSF FW HM 5%5). The position of the peak of
this central com ponent agrees w thin error to the op-—
ticalposition, and is roughly 3%7 south of the radio{
interferom eter position given by Vil et al. (1990).

In addition to this central com ponent, there is
an extended wing from about 10° to 25% to the
south {west of the central source (from 0.6h ! kpc
to 1.4h ! kpc). This feature contains about 13% as
m any background { subtracted counts as does the cen-
tral source (31 com pared to 247). T he ordentation of
this feature is roughly parallel to the m a pr optical
axis of the galaxy ( 45 E ofN), although the lat-
ter represent structure on the 1{aran inute scale. At
an aller sizes, arcsecond{scale radio m aps m ade w ith
the VLA at 6 and 20 an are presented in Vila et
al. (1990). They nd the central source to dom inate
the nuclkar region of the galaxy (eing m arginally
resolved| FW HM 0%7), and weak extended struc-
ture over 2 arcsec In no particular direction.

A Ithough this is ourbrightest Seyfert 2 galaxy, the
spatial resolution and countsareonly su cient to tell
that there de nitely is som e asymm etric soff{X {ray
em ission. H igher spatial{resolution and higher SNR
data of X {ray{weak Seyferts w ith future X {ray m is-
sions w ill be necessary to detem ine the general sig—
ni cance of the contribution of extended com ponents
to the soff{X {ray spectrum of such ob gcts.

432. PSPC Images

None of targets show extended em ission In the
PSPC image. H owever, not being prim arily an Im ag—
ing nstrum ent, the resolution oftheP SPC would only
show structure on much larger scales than the HR I,
and cannot be used to rule out sub{aran inute{scale
structure, asexem pli ed by the fact that ourHR I in —
age of NG C 5005 clearly show s structure not appar—
ent in the PSP C Im ages of the sam e ob ect.) Several
of the in ages contain eld obcts  10{20 from the
target, clearly distinguished by the resolution of the
PSPC .Theonly exception isNGC 1144, which isnot
spatially separated from NGC 1143. Since the lat-
ter is a non{active galaxy the X {rays are likely to be
mostly from NGC 1144, however we note the PSPC
spectrum  is a com bination of these two souroesﬁ It
is Interesting to note that TUM found serendipitous
(optically) unidenti ed X {ray sources about L from
each of the six Seyfert 2s observed in their program .
In som ecases e€g., NG C 1365) these sourcesare lkely
bright X {ray sources in the host galaxy, and in others
eg., M kn 78) they are likely low {lum inosity AGN s.
W e Iooked for such sources in the eld ofour1l2 m
Seyfert 2s, and found none. T he num ber of Seyfert 2s
(14) observed between these two sam ples m akes it
highly unlkely that thisdi erence could be explained
sin ply by chance. One possbl explanation is that
the obctsin TUM are galaxies previously known to
be relatively bright in the X {rays from E Instein IPC
observations, and these serendipitous sources could
have contributed to the Einstein  ux.

5. D iscussion

5.1. The Standard Soft X {Ray Slope for X {
Ray W eak Seyferts

Considering both our data and that of TUM , it
appears that a steep spectral slope, around =3,
should be considered the standard slope for X {ray{
weak Seyferts. This includes virtually all Seyfert 2s,
as indicated by the resuls that have been derived
for Seyfert 2s displaying a w ide range in m ultivave-
length characteristics. A s discussed n x 1], our ob-
Bcts were chosen from the 12 m sample and thus
have redder optical/infrared colors than the ob jgcts
observed by TUM , which are M arkarian ob gcts se—

5T his ob ct has the least counts of all, prim arily due to obscu—
ration by the telescope support structure, so no strong conclu—
sions can be drawn about its spectrum .



lected as having a strong UV {excess.

E ven the prototypical Seyfert 2 galaxy, NGC 1068,
resem bles these obfcts. M onier & Halpem (1987)
observed this obfct with Einstein, nding a 0.1]
3.8 keV photon index of 3:0, and Ny consistent
w ith the G alacticvalue. O urdata from theRA SS give
a0d| 2.0kevV vaieof = 2:78 forthisobct Rush
et al. 1996), which is slightly harder, but consistent
when considering that ourRA SS datawas tted with
Ny constrained to Ny ;gal.

This category of X {ray{steep AGN not only in—
cludesm ost Seyfert 2s, but som e X {ray{weak Seyfert 1
/QS0s, such asPG 1351+ 640 and M kn 1239. That
the soft X {ray source in these ob gcts may be the
sam e as In m ost Seyfert 2s is consistent w ih their
selection as being X {ray weak for Seyferts 1/Q SO s.
In contrast, other Seyfert 1/Q SO s, eg. those ob—
served by TGM , were known to be relatively strong
n the soft X {rays, and thus one would expect those
ob ects to have X {ray spectra m ore sim ilar to con—
ventional Seyfert 1s. Thus, it seam s that the stan-
dard Seyfert 2| Seyfert 1 dichotomy in not the sin -
plest way to categorize these AGN in the soft X {rays.
Rather, we could refer to (relatively) steep, X {ray{
weak obects and at, X {ray{strong ob gcts, whose
soft X {raysare probably dom inated by di erent com —
ponents.

W e also nd steep average spectral slopes In our
RASS data (to be analyzed thoroughly In Rush et al.
1996),0f s,1=224 0:49and g,,=2.86 0:48 or39
Seyfert 1sand 5 Seyfert 2s, respectively (uncertainties
quoted are 1 individual scatter). These ts were
done wih Ny constrained to Ny ;gal, and thus the
best{ t slbopes are lkely a little stesper, depending
m ainly on the am ount of intemal ocbscuration. This
could place the average slope of the Seyfert 2s over 3
and that ofthe Seyfert 1saround 24| 25. Thisand
the fact that there is a wide range of slopes for the
Seyfert 1s, wih over 1/3 being steeper than =25
assum Ing no intemal absorption, m akes these results
consistent w ith those for our pointed observations|
nam ely that all Seyfert 2s and som e Seyfert 1s have
slopes much closer to 3 than to 2. Sim ilar resuls
have been found in other works, for exam ple Bolkr,
Brandt, & Fink (1995a), who surveyed 46 narrow {line
Seyfert 1swih ROSAT and found them all to have
extrem ely steep spectra (somewih  ashigh asb).

5.2. Physical Interpretation

T here are several com peting explanations for the
steep slopes observed In m any X {ray{weak Seyferts,
as com pared to the atter slopes observed In conven-—
tional X {ray{strong) Seyferts. T he physicalm odels
which m ay be able to explain all or part of the ob-
served di erences between steep{slope and at{slope
Seyferts inclide:

(1) A separate, hard power{law present In steep
ob ects which is very weak, such as a scattered com —
ponent. A lthough we see no evidence of such a com —
ponent In our ts, we cannot rule out this possbility,
as observations in a lJarger wavelength baseline of X {
ray {weak Seyfertsm ay detect such a com ponent if it
is extrem ely aint.

(2) M uch of the soft spectrum of steep ob cts be-
Ing produced by the sam e physical m echanisn , lo—
cated In the sam e place, as the soft excess observed
In many at obfpcts. In this model, steep ob kcts
have relatively m ore soft excess and less of the hard
power{law .

The evidence for this type of spectrum would be
that tstoapower{law {onlym odelwould give a very
steep slope, but that adding the soft excesswould at-
ten the underlying slope whilke in proving the t.As
discussed in x and x[6], we have evidence for this
in severalofour ob gcts, and even a pure black {body
w ith no underlying power{law cannot be ruled out
In some cases. This is even m ore evident In TUM ,
as m ost of their ob ects are  tted signi cantly bet-
ter when either an em ission line or R aym ond{Sm ih
plasna are added to the power{law. If we do as—
sum e that a very soft excess exists In these ob Ects, a
physicalm odel for this excess still rem ains to be de-
tem Ined. For exam pl, i could be them alem ission
from the galaxy, hot gasnear the nucleus, iron and/or
oxygen eam ission line(s), orthe UV bum p shifted into
the ultra{soft X {rays as suggested in Boller et al
(1995a). But, again, we stress that such evidence is
not universal, as several of our ob gcts show no de -
nite preference for anything other than a power{law .

(3) That the soft spectrum we see In X {ray{weak
Seyferts representsa com ponent present in m ost orall
Seyferts, but which is much weaker in X {ray strong
ob fcts and is thus suppressed by the hard spectrum
in those obfcts. If so, is this universal com ponent
non{nuclkar, ie. sin ilar to the soft X {rays observed
in nom alor starburst galaxies (from , eg., X {ray bi-
naries and SNR s)?



(4) That the soft spectra arise from the sam e phys-
ical process (@nd from the sam e location) asthe at
power{laws In som e Seyfert 1ls, but wih a higher
valie for , caused by vardiance of one or m ore In—
trinsic physical param eters? For exam ple, of several
explanations Boller et al. (1995a) suggest for their
steep spectra, one of the m ore prom ising ones is that
the central engine in these ob fcts is at a lowerm ass
than other Seyfert 1s, and would thus have an accre—
tion disk em itting at a higher tem perature, shifting
the UV bum p into the low {energy end ofthe RO SAT
band, steegpening the X {rays. This idea is also one
possbl explanation for the steep spectra we found
in PG 1351+ 640 and M KN 1239, as well as other
X {ray{weak Seyfert 1/Q SO s. To test this idea thor-
oughly, one would need to observe the spread In  for
m any X {ray {weak and X {ray{strong Seyferts and see
ifthere isa continuous range ofobserved values, asop—
posed to a m ore{orJdess bin odal distrdbbution. If such
a range is observed, then determm Ining any X {ray or
m ultiw avelength param eter which is correlated w ith

would provide inform ation about the fundam ental
cause of its variance.

F nally, an in portant caveat in this distinction be—
tween X {ray{weak and strong Seyferts is that our
X {ray{weak Seyfert 1/Q SO s are not exactly lke our
Seyfert 2s in the soft X {rays, which is seen in sev-
eralways: (1) even though the form er have the sam e
steep slope when tted to a power{law, they are
more offen tted only by this steep power{law, as
opposed to a power{law plus an additional com po—
nent (@nd PG 1351+ 640 cannot be tted at all by
any m odel other than a pure power{law); () they
are alsom ore um inous in the soft X {raysthan allbut
the very strongest Seyfert 2s; and (3) they show less
Indication of intemal absorption (@bove the G alactic
value): of all our ob fcts, PG 1351+ 640 is the only
one to not have even the slightest evidence for in-—
temal absorption in a power{law t, and several of
our Seyfert 2s show much stronger evidence for in—
temal absorption than does M KN 1239. This last
di erence is of particular im portance because it can
a ect the m easured param eters in each of the m od-
els listed above. These di erences Imply that, al-
though the cbserved soft X {ray em ission from these
Seyfert 1/Q SO s is sin ilar to that from Seyfert 2s, the
underlying physical processes are probably at least
partially di erent. Perhaps, for exam ple, the X {ray{
weak Seyfert 1/Q SO s are best explained by one or
m ore ofthe m odels listed above, but the Seyfert 2sby

another. T hus, whereas is seam s as though these rel-
atively X {ray weak Seyfert 1/Q SO s should de nitely
not be strictly grouped w ith the m ore um inous ( at{
slope) Seyfert 1/Q SO sw ith regardsto the soft X {ray
properties, they still appear som ew hat distinct from
even the relatively X {ray strong Seyfert 2s and per—
haps represent an intermm ediate orm ixed class.

6. N otes on Spectral Fits to Individual O b-
ects

6.1. PG 1351+ 640 and M kn 1239

These two Seyfert 1/Q SO s were relatively well ob—
served, wih 990 and 595 counts cbtained, respec-
tively. Both were well tted with a sinple power{
law . For our strongest ob fct, PG 1351+ 640, no in —
provem ent is obtained by allow ing Ny to vary, giving
no indication of intemal absorption. For M kn 1239,
an Increase of about a factor of1.5 in Ny over the
G alactic value reduces ¢ from 0.95 to 0.67, perhaps
indicating som e intemal absorption.

W e tred to t each obct to the other m odels
listed In Tabl 2. For PG 1351+ 640, the param eters
retumed each tim e indicated that a single pow er{law
was preferred (ie., the nom alization for other com -
ponent was at or near zero). M kn 1239, on the other
hand, twelltoapower{law m odelw ith the addition
of a gaussian em ission line around 0.7 keV . This t
wasnot, how ever better than those w ith a R aym ond {
Sm ith plasn a or black{body replacing the em ission
line. T hus, if there is a second com ponent to the soft
X {rays spectrum , we cannot distinguish am ong sev—
eralpossibilities for its shape.

ForPG 1351+ 640, we also separately t the spec—
tra which were taken during 1992 November and
1993 O ctoberto a power{law m odel. A slight Increase
in thebest{ t isfound in them ore lum Inous state.

6.2. NGC 424, NGC 4388, NGC 5005, and
NGC 5135

These four Seyfert 2s each yielded at least 400
counts (see table 1), su cient for accurate spectral

tting. For these ob gcts, an average photon index
of = 313 (3.0,32,32,and 32, respectively) was
obtained when Ny was allowed to vary, and of =
200 1.7,21,1.9,and 2.3) when Ny was constricted
to the G alactic value.

In all cases, we tried adding another com ponent to
the t.In thecaseofNGC 5135the twasimproved



at a signi cance levelof> 90% . This ob fct has the
hardest spectrum of these four Seyfert 2s. C onsider—
Ing that it isalso tted by the largest Ny , the hard
soectrum and the good t to a second com ponent
above 0.5 keV both probably indicate signi cant ab-
sorption ofthe soffest X {raysbelow 0.5 keV . A dding
am ission lines also Improved the tsto NGC 5005
> 99% signi cance lvel) and NGC 4388 (> 90% ).
Only in the case of NG C 5005 was the amn ission line
at the energy expected for Fe{L and/or O xygen{K ,
thus identi cation ofthese com ponentsw ith a speci ¢
em ission process isnotpossble. W ealso tNGC 5005
and NG C 5135 to a black{body m odel and obtained
better ts than to a power{law m odel, further in-
dicating that we don’t know the source of the soft
X {rays| whether they are from the nonstellar active
nucleus or from stellar processes such as X {ray bina—
ries or supemova. In the latter case, we have som e
evidence that a an all contrbution ofthe soft{X {rays
m ay com e from an extended com ponent, as discussed

n x[g31] orNGC 5005.

6.3. IRAS F01475{0740 and NG C 5929

For these two ob fcts, only 276 and 200 counts
were obtained, allow ing only 12 and 9 points (oins)
forthe spectral tting, respectively. Interestingly, rel-
ative to the 05| 2.0 keéV range, F01475{0740 has al-
m ost no counts below 05 keV, and NGC 5929 has
very few . In fact, F01475{0740 has the hardest spec-
trum ofany ob kct we observed, indicted both by the
hardness ratios in Tabl 3 and by the very at value
of .NGC 5929 also has a harder spectrum than any
ofthe ob fcts discussed above, but not nearly ashard
asF01475{0740. T hism ay Indicate that these ob fcts
are very heavily absorbed, which would explain both
the Iow overall ux and the hard spectra.

W hen adding another com ponent to the pow er{law
for F01475{0740, always tended towards zero (as

ataswewould allow ), w ith only a sm allcontribution
from the other com ponent| indicating nothing m ore
than the very hard spectrum ofthe sim ple power{law .
For NGC 5929, a slight in provament in the t was
obtained by adding a second com ponent, sin ilar to
som e of the brighter four Seyfert 2s discussed above,
but w ith m uch less statistical signi cance.

6.4. NGC 3982 and NGC 1144

These two ob fcts yielded so few counts that can
only give a very rough estin ate of the best{ t pho-
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ton Index, which is 212 and 1.90 for NGC 3982
and NGC 1144, respectively with Ny xed. Only
NGC 3982 had enough photonsto allow a twih Ny
variable, which yielded = 3:4. A though this slope
is sim ilar to the values for our bright Seyfert 2s, the
spectra do not look sim ilar. NG C 3982 hasthe softest
and NG C 1144 the second hardest count rates of any
ofour Seyfert 2s. T here were not enough countsto t
to com posite m odels, but we did try to  t these spec—
tra to a sin pleblack {body, to estin ate w hetherornot
a power{law is even the m ost descriptive of the soft
X {rays. For NGC 3982 there was only m arginal in —
provem ent in the t, but ©HrNGC 1144 ? did drop
by aln ost a factor of two for the black{body t as
com pared to a power{law .

6.5. CGCG 022{021

In addiion to the 10 Seyfert galaxies discussed
above, we also observed one IR {lum nousnon{Seyfert
w hich had been detected by the RO SAT A 1I{Sky Sur—
vey. W ewould expect the RO SAT spectra ofthistype
of ob fct to be sin ilar to those from Seyfert 2s (ooth
ofwhich em i strongly in the them alinfrared, but rel-
atively weakly In the X {rays), if the X {ray em ission
in the latter are produced by the nom al processes
of stellar evolution, as in classic starburst nuclei like
NGC 7714 W eedm an et al. 1981).

U nfortunately, the observation of CGCG 022{021
yielded only 81 30 counts, and a count{rate o£0.010

0.003 cts/s, which is not su cient for a detailked
spectral analysis. There may be some indication
of variability, since the RA SS count{rate was 0.064

0.018 cts/s, indicating a > 2 change. However,
this is very tentative as the (packground{subtracted)
counts obtained in the pointed and RA SS observa—
tions are only 81 and 26, respectively.

W e do see, though, that thisnon {seyfert hasa hard
spectrum quite sin ilar to that several of the weaker
Seyfert 2s (F01475{0740,NGC 5929,and NGC 1144).
T his indicates that heavy Intemalabsorption isprob—
ably present. To describe the spectrum further, we
attempted to  t smplemodelsto the X {ray ux, al-
though w ith high uncertainties. A sim ple power{law
and a black{body m odel provided sim ilarly accurate

ts(?ofl2and 123, respectively), how ever the error
bars are high.



7. Summ ary and Conclusions

W e have analyzed pointed ROSAT PSPC spec—
tra of 11 obfcts selected as having atypical soft
X {rmy uxes. These include 8 Seyfert 2s and one
IR {lum inous non{Seyfert selected from the E xtended
12 mGalaxy Sam ple, which allhave relatively strong
detections In the ROSAT A I{Sky Survey, as com —
pared to other ob fcts In their class. W e also ocbserved
on X {ray weak Seyfert 1/Q SO from this sam ple and
a sin ilar ob kct selected from the PG B right Q uasar
Survey.

W e found both Seyfert 1/Q0 SO s, M kn 1239 and
PG 1351+ 640,tovary in uxby a factorsof2and 1.5,
over periods of less than 2 and 1 year, respectively.
Both ob fcts had stegper spectra in their m ore um i~
nous state, Indicating that the variability wasm ainly
due to the softest X {rays, which are con ned to a size
of less than a parsec.

A llofourSeyfert 2swhich had su cient counts for
accurate spectral tting, aswellasboth Seyfert 1/Q SO s,
have soft X {ray photon indices of 3, sim ilar to the
Seyfert 2sobserved by TUM . T he w ide{spread occur-
rence of such steep slopes suggests that this valie of

3 isthe nom fora wide variety ofAGN, nam ely
Seyfert 2s and m any Seyfert 1/Q SO s. T herefore, dis—-
cussing relatively steep ( 3), X {ray{weak ob fcts
versus at ( 2), X {ray{strong ob gcts m ay be a
m ore fundam ental way to separate Seyferts w ith re—
spect to the soft X {raysthan the usualtype 1{type 2
dichotom y (derived prin arily from optical spectra).

There are several possble explanations for these
steep slopes. One is the presence of a very soft
(< 1 keV) excess In addition to a atter underly—
Ing continuum . W e see strong evidence in the spec—
tral tsto som e ofour ob Ects for such a com ponent,
but a physicalm odel for this excess still needs to be
determm ined| it could be strong iron and/or oxygen
line em ission, a black {body, oreven a them alplasm a.
H ow ever, severalof our ob ects show no de nite pref-
erence foranything otherthan a steep power{law . A I-
tematively, both at and steep com ponents could be
present in som e Seyferts, w ith one or the other dom i~
nating depending on intemalphysical conditions. O r
the steep and  at spectra observed In di  erent cb fcts
m ay have the sam e basic origin, but w ith variance of
one orm ore param etersa ecting the m easured slope.
D istinguishing between these and other m odels for
the X {ray am ission from Seyferts can best be done
by testing m ultiple{com ponent m odels over the entire
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01| 10 keV range, w here the distinguishing spectral
signatures of com peting m odels can be m ost clearly
denti ed. Thus, obtaining high| SNR spectra ofX {
ray weak Seyferts, wih several thousand of counts
both In the soft and hard X {rays, should prove a prof-
itable pursuit of current and future X {ray m issions.

Finally, we obtained a ROSAT HRTI in age of one
Seyfert 2 WG C 5005) and found about 13% ofthe ux
to com e from an extended com ponent. This in plies
that m ultiple com ponents of the soft{X {ray spectra
of Seyferts m ay arise In spatially distinct regions, as
hasbeen previously observed prin arily in brighter ob—
“ects. Further, desper in ages of X {ray {weak Seyferts
w ill be necessary to detem ine the physical processes
giving rise to these com ponents, as wellas how com —
m on such phenom ena are in Seyfert galaxies.

W e thank Jane Tumer for much help in under—
standingthePRO S and X SPEC software, the RO SAT
data, and the speci cations of the PSPC, and for
providing us w ith the results of TUM and TGM be-
fore publication. T his work was supported by NA SA
grantsNAG 5{1358 and NAG 5{1719.
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FIGURE LEGENDS

Figure 1 | Our pointed PSPC count rates versus
count rates from theRO SAT A I{Sky Survey. Squares
are Seyfert 1/Q SO s, triangles are Seyfert 2s, and the
r is our IR {lum nous non{Seyfert. Point sizes /
total counts. E rror bars are 1  statistical uncer—
tainties. The solid line represents CTRTpointed =
CTRTRrass-
Figure 2 |
an absorbed power{law with Ny
2

PSPC Spectrum ofPG 1351+ 640,
free.

Figure 3 | contour plot of Ny wvs. for the
t shown In Figure 2. Contours represent con dence
Iim its of 68, 90, and 99% and the plus m arks the
best{ twvalie.
Figure 4 | Photon Index for power{law ts: wih
Ny free versusNy constrained to Ny ;gal. T he solid
Inesrepresent gee = gar@Nd gee = gart 1. Sym-—
bols are the sam e as in Figure 1, w ith open triangles
representing Seyfert 2s from TUM .
Figure 5 | Photon Index for power{law ts wih
Ny free, versus log count rate. Sym bols are the sam e
asin Figure 1, w ith the addition of open squares and
open triangles for the Seyfert 1/0SOs n TGM and
e Seyfert 2s n TUM , regpectively. Point sizes /
total counts. T he dotted line show s the canonical
valueof = 1:/.Forthe Seyfert1/QSOsfrom TGM ,
there was little spread in (5 of 6 ob fcts between
211| 250 and the other| M kn 335| at 3.10), and
thus only the average valie is shown here.

Figure 6 | PSPC spectra of all of our 8 brightest
ob ects, each t to an absorbed power{law w ith Ny

free. T he ob fcts are placed In order of total counts
obtained, starting wih PG 1351+ 640 in the upper
kft, going down each column, to NGC 1144 in the

tto

low er right.
Figure 6 isP laced LA ST among the gures.)
Figure 7 | IRAS 25| 60 m color versus hardness

ratio. Sym bols sizes are proportional to total counts.
Figure 8 | M odelofthe tofapower{law plusem is-
sion line to our PSP C spectrum ofNGC 5005, where
the individual com ponents are shown. T he dot{dash
line is a gaussian em ission line at 0.8 keV, the long
dashed line is the absorbed power{law, and the solid
line is the totalm odel.

Figure 9 | PSPC Spectrum of NGC 5135,
black body m odel.

Figure 10 | Contour plot made from our 27 ksec
HRIImage ofNGC 5005. Contours range from 0.05

ttoa

16

to 0.60 photons/pixel. The spatial resolition is 0%5
per pixel.





