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ABSTRACT

We present Broad-Band X-ray Telescope (BBXRT) observations (~0.4-11.0 keV) of the Seyfert 1.5 galaxy
NGC 4151, with emphasis placed upon modeling the low-energy X-ray spectrum. A prominent soft X-ray
“excess” below the ~2 keV cutoff due to a high absorbing column is known to exist in NGC 4151. This
excess has been variously discussed in terms of “leakage” through a patchy absorber, the reduced opacity of
an ionized absorber, and/or a distinct and possibly spatially extended component. BBXRT, with its com-
bination of moderate resolution and a large bandpass, has allowed the origin of this excess to be tested for the
first time over a 2 day period. We find that the ~0.4-1.5 keV flux remains essentially constant while the 2-10
keV continuum flux decreases by ~40%. We also see no evidence of strong spectral features at energies of less
than 1.5 keV. This implies that the excess is neither continuum “leakage” nor is it dominated by emission
from a 10°-107 K equilibrium plasma. The best single-component description of the soft excess is scattering of
the central continuum into our line of sight by an “electron scattering zone” similar to that in the Seyfert 2
galaxy NGC 1068. However, a more likely description of the lack of strong spectral features and the lack of

correlated soft-to-hard X-ray variability is that at least two spectral components comprise the soft excess.
Subject headings: galaxies: individual (NGC 4151) — galaxies: nuclei — galaxies: Seyfert — X-rays: galaxies

1. INTRODUCTION

NGC 4151 is a nearby (D = 20 Mpc for H, = 50), barred
spiral galaxy viewed almost face-on (Simkin 1975; Pedlar et al.
1992) containing a Seyfert 1 type active nucleus (Khachikian &
Weedman 1974). Besides being one of the nearest it is also one
of the intrinsically weakest Seyfert galaxies at X-ray energies,
having Ly,_10) ~ 7 x 10*? ergs s~ !. Because of its proximity,
NGC 4151 is perhaps the best known and studied Seyfert
galaxy at all wavelengths.

NGC 4151 was first identified as an X-ray source by Gursky
et al. (1971) and has been detected out to energies of at least
500 keV (Perotti et al. 1981). The 2-10 keV X-ray continuum
flux typically exhibits a slow drifting behavior (in contrast to
showing flarelike events) with a minimum doubling timescale
of ~0.5 days. There is evidence for a flux-spectral index corre-
lation (Perola et al. 1986; Yaqoob & Warwick 1991; Yaqoob
et al. 1993) that may hold down to timescales of hours. There is
also evidence that the variability of the optical-UV and X-ray
continua are well correlated (Perola et al. 1986).

NGC 4151 exhibits a complex and continually changing
spectral shape. Its ~2-10 keV spectrum consists of an
absorbed power law with a variable photon index, ranging
from 1.35-1.7 (Yaqoob & Warwick 1991) and a strong, narrow
6.4 keV Fe Ko emission feature (Weaver et al. 1992, hereafter
Paper I). The measured X-ray column density ranges from
3-15 x 1022 ¢cm ™2 and appears to be variable on timescales of
months to years (Barr et al. 1977; Yaqoob, Warwick, &
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Pounds 1989; Yaqoob et al. 1993). Below ~3 keV, a promi-
nent excess of soft photons is observed above an extrapolation
of a uniformly absorbed power law to lower energies. This
“primary ” soft excess was discovered by Holt et al. (1980) and
is generally modeled by allowing some fraction (typically 10%)
of the central source to be completely uncovered or viewed
through a lower column (the so-called “partial covering” or
“leaky absorber” model). In addition, there is evidence of a
possibly separate soft excess component that does not vary
with the 2-10 keV continuum (Pounds et al. 1986; Perola et al.
1986).

Extended soft X-rays, which make up ~15% of the 0.1-3.0
keV flux, have been found to the SW of the nucleus (Elvis,
Briel, & Henry 1983). These X-rays appear to be associated
with the emission-line gas that extends asymmetrically also to
the SW of the nucleus (Heckman & Balick 1983), with a total
extent of 30"-40" (Peréz-Fournon & Wilson 1990). It is not yet
clear how the resolved extended component is associated with
the soft excess seen in the spectral data, but the flux in the
extent appears to make up less than 30% of the total soft excess
between 0.1-3.0 keV (Elvis et al. 1983; Perola et al. 1986).

Although the general aspects of the shape of the X-ray con-
tinuum are well determined, quite a large disagreement on the
“specifics ” of the spectral shape exists in the literature. First,
the energy of the observed onset of the primary (partial
covering) soft excess changes, ranging from 2 keV (Holt et al.
1980) to almost 4 keV (Perola et al. 1986; Warwick et al. 1989;
Yaqoob & Warwick 1991). Second, the spectrum of the non-
variable soft component is also uncertain, and values of kT
from 0.15 to 0.58 keV for a thermal bremsstrahlung model
have been observed (Perola et al. 1986; Pounds et al. 1986).
Some discrepancies can be attributed to the very low energy
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resolution of proportional counter experiments; however, it
may be that different components dominate at different epochs.

In this paper, we present new soft X-ray spectral data on
NGC 4151. We report a selected subset of the BBXRT obser-
vations and discuss background subtraction and spectral
analysis in § 2. In § 3 we compare the new data with various
model predictions and present a partial reanalysis of Einstein
Observatory SSS and MPC data in light of the BBXRT results.
The implications of the BBXRT results are discussed in § 4, and
the conclusions are stated in § 5.

2. OBSERVATIONS AND DATA ANALYSIS

The Broad-Band X-ray Telescope, which flew successfully
on the space shuttle Columbia as part of the Astro-1 mission in
1990 December, consists of two identical telescopes (designated
A and B) with light-weight nested foil mirrors to focus X-rays
onto two segmented (five element or “ pixel ”) solid state detec-
tors. The field of view of each central detector element (A0 or
BO0) is 4’ in diameter, and the total field of view including the
outer pixels is 17'. A 1’ mask is located between the central and
outer detector elements. BBXRT covers a bandpass of 0.3-12
keV. This offers improvement over proportional counters and
previous solid-state detectors in that both the soft- and
medium-energy X-ray regimes are covered simultaneously. A
full discussion of the instrument and calibration can be found
in Serlemitsos et al. (1992) and Weaver et al. (1994).

Figure 1 illustrates the A detector pixels superposed on an
Einstein Observatory IPC image of NGC 4151. This represents
the orientation of the A telescope when NGC 4151 was
observed ~ 1.5 off-axis during the final pointing on day 6 of the
mission. The outer A pixels are labeled A1-A4 in a direction on
the sky that is counter-clockwise, while the B detector (not
shown) is rotated by 180° with respect to A such that Al and
B3 observe the same area of the sky. There is also a slight offset
between the A and B telescopes. The mean displacement of B
with respect to A is 082 at an azimuth of 117°. This azimuth is
measured from the radial line that separates the A2/A1 bound-
ary (Fig. 1) and represents a 117° rotation through A1l toward
A4. In other words, for a source on-axis in A0, the distribution
of counts in the outer B pixels will be maximized in B4 (which
is the A2 counterpart). Since the A system axis was used as the
nominal pointing position of the telescope, the count rates
reported here are A rates. In this paper, the term “on-axis”
refers to a source that is centered in the A detector.

The source seen in pixel Al in Figure 1 is a known soft X-ray
source located ~5' to the NW of NGC 4151 which has been
identified as the BL Lacertae object 1208 +39 (R.A. 12"7™55°
Decl. +39°46'1"). When NGC 4151 is approximately centered
in the detector, the two objects are spatially resolved and the
BL Lac object contributes less than 1.0% of the flux between
0.5-1.5 keV. However, when NGC 4151 is observed in an outer
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F1G. 1..—The BBXRT A-detector pixels superposed on an Einstein IPC
image of the NGC 4151 field. North is up, and east is to the left. Identified
X-ray sources are NGC 4151 (in the central pixel) and the BL Lac 1208 + 39 to
the NW. Contour levels are 8%, 15%, 30%, 50%, and 80% of the peak flux.

pixel, ~30% of the total counts between 0.5-1.5 keV are con-
tributed by the BL Lac object. In order to avoid contamination
by the BL Lac object when modeling the form of the soft X-ray
spectrum, we restrict ourselves to the approximately on-axis
observations only. Of the six NGC 4151 observations, only
two met this criterion (Table 1). For the data presented in this
paper, the positions of the source in A detector coordinates are
0" and 1’5 off-axis.

Both of the approximately on-axis observations were
obtained during orbit day when Thompson- and fluorescently
scattered solar radiation from Earth’s atmosphere contributes
most of the low-energy background. The intensity of this scat-
tered radiation varies with the Earth angle, defined as the angle
between the pointing direction of the telescope and Earth’s
center. At no time during either observation was the Earth
angle much less than 90°, so the only major daytime back-
ground is the oxygen fluorescence line at 0.524 keV (Weaver et
al. 1994). During the NGC 4151 observations, the oxygen
feature contributes 50% of the observed flux in a 128 eV wide
energy bin at ~0.5keV.

The non—X-ray detector background count rate at medium
(2-10 keV) energies is found to scale linearly with the detector
guard rate, a housekeeping parameter that indicates the rate of
particle interactions with a plastic scintillator surrounding

TABLE 1
SELECTED OBSERVATIONS OF NGC 4151

MET? Duration 2-10 keV count rate 0.5-1.5 keV count rate
Observation (decimal day) s) Off-Axis (counts s~ 1) (counts s~ 1)
) 5927 1150.2 391 + 0.06 0.23 + 0.02
2 6.622 1555.2 2.40 + 0.04 0.21 + 0.02

Note.—Count rate is vignetting-corrected for A0 and BO pixels combined.

® 0" MET is 1990 day 336 06"49™01° UT.
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most of the detector (Jahoda et al. 1992; Weaver et al. 1994).
This linear relation of the non—X-ray background count rate to
the guard rate can be extrapolated to low energies (<2 keV) as
well. During the NGC 4151 observations the non—X-ray back-
ground contributes ~ 1% of the observed flux at 0.5 keV.

Background subtraction was performed by first accumulat-
ing data from off-source observations during “orbit day” for
the same range of Earth angles as the source observation. This
produced a predicted background spectrum containing scat-
tered X-rays as well as the contribution from the diffuse X-ray
background. The non-X-ray detector background was then
subtracted from this spectrum and replaced with non-X-ray
background that had been scaled to match the count rate pre-
dicted by the guard rate measured during the NGC 4151
observation. For observations of weak point sources on-axis,
the BBXRT outer pixel data provide a direct estimate of the
simultaneous background. Each central pixel background
spectrum was verified to be correct by comparing its associated
outer pixel counterpart to outer pixel data obtained during the
NGC 4151 observation. The background files used for the data
analysis left no significant positive or negative residuals when
subtracted from the data in an outer “ off-source ” pixel.

For each observation, the background subtracted A0 and BO
pixel pulse-height data files were fit simultaneously using the
XSPEC spectral fitting package (Shafer, Haberl, & Arnaud
1989) with appropriate detector response matrices. BBXRT
has a total of 512 pulse-height channels. The first 15 of these,
below the lower level discriminator threshold, are unusable
and were ignored in the spectral fitting. Channel 512 is an
overscale channel and was also ignored in the spectral fitting.
The remaining channels were “grouped” to have eight
resolution elements per bin which gave roughly >20 counts in
each bin. This allowed the use of chi-square statistics for spec-
tral fitting. In all of the fits presented, the data were modeled
ignoring grouped bins 16 and 74-78 because there were signifi-
cantly fewer than 20 counts in those bins. A total of 57 grouped
bins in each spectrum covering 0.4-11.0 keV were used in the
fitting procedure.

To reduce the number of free parameters, the normalizations
of each model component were tied together between the AO
and BO data files during fitting. This allowed only one normal-
ization per model component to vary. Based on the aspect
solution, the BO normalizations for each model component
were set to 0.96 and 1.04 times the AQ normalizations for days
5 and 6, respectively. The BO normalization is slightly higher
with respect to the A normalization on day 6 because of the
telescope offset (i.e., the source is more “on-axis” in B). All of
the fits discussed in this paper also include a narrow Fe Ko line
with an energy fixed at 6.38 keV. This is the expected energy for
redshifted cold iron (z = 0.0033) and is consistent with the
measured energy for the narrow line in the unbinned data
(6.35 + 0.03 keV; Paper I).

3. RESULTS

3.1. Variability

The 0.5-1.5 and 2-10 keV vignetting-corrected,
background-subtracted source count rates for the A0 and BO
pixels combined are given in Table 1. The 0.5-1.5 keV count
rate remains constant while the 2-10 keV source count rate is
observed to decrease by ~40% over a period of 17 hr.
Throughout the rest of the paper, we will refer to the day 5
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observation as the “ high ” flux state of the source and the day 6
observation the “low ” flux state.

3.2. Spectrum

The 0.4-11.0 keV data were initially fitted with a model
consisting of an Fe Ka line and a power-law continuum [the
photon index I' is defined as N(E) oc E '] suffering low-energy
absorption by a uniform column of cold gas. This gave an
unacceptable fit, resulting in reduced yx2s of 1.92 and 2.4 (for
111 d.of) for the high and low states, respectively. The
residuals to this fit indicate a clear soft excess at low energies.
The shape of the excess, which begins to dominate the spec-
trum at ~2 keV, is illustrated in Figure 2. To produce this
figure, the high and low state AO data were averaged together
and fitted above 2 keV with a uniformly absorbed power law
(having T',_,, ~ 1.4). The low-energy data were then added
back in.

3.2.1. Single-Component Fits to the Primary Excess

Partial covering—In a first attempt to interpret the soft
excess, a model consisting of a power law covered by a spa-
tially nonuniform cold absorber (“ partial covering ”) including
a narrow Gaussian for the Fe K line was fitted to the entire
0.4-11.0 keV bandpass. This model provides a good statistical
fit to both observations (Table 2A) with y2 = 0.96 and 1.12,
respectively. However, the best-fit covering fraction decreases
by a significant amount as the source dims. This is illustrated
in Figure 3, which shows a plot of the confidence contours for
covering fraction versus column density. Figure 4 shows a
comparison of the A0 data and best-fit partially covered con-
tinuum model (folded through the BBXRT response) for the
high and low states. From this figure it can be seen that since
the 0.4-1.5 keV count rate remains constant while the hard flux
decreases, the derived covering fraction must decrease as the
continuum source becomes fainter. This implies that either the
absorber “knew ” about the source flux variability or changed
by coincidence in such a way as to mimic a constant flux at low
energies. The unfolded spectrum corresponding to Figure 4 is
illustrated in Figure 5, which is a perfectly adequate represent-
tion of the X-ray spectral shape observed by BBXRT.

0.1

counts sec” ! kev!

0.01

Data: AO, Day 5 and Day 6 added

" 1 L PR | n " n " n I 1
0.5 1 2 5 10
Channel Energy (keV)

FiG. 2.—Illustration of the soft X-ray excess observed with BBXRT. To
produce this plot, the data were fitted above 2 keV with a uniformly absorbed
power law, and the lower energy points were added back in. The solid line
represents the model.
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TABLE 2
SINGLE COMPONENT FiTs To THE NGC 4151 SoFT EXCEss
A. MoODIFIED ABSORPTION FITS

PARTIAL COVERING

PARAMETER High Low
Lo 150251 1322513
Ny oo 4911+ 040 524 1 0.63
fo e, 097313505 094313815
Flog cooeereeeeiaaananenenn. 0.19+002 019+ 002
Fraed coveeeenniiiinininin.. 191403 120+ 03
XV e, 105/109 122/109

WARM ABSORBER

High Low

15 L5
8.71%9:83 9.1319-63
0.42+5:9¢ 0.55*3:38

~0.20 ~0.19
19.0 + 0.8 11.6 + 0.6
110/110 127/110

B. SEPARATE SPECTRAL COMPONENT FITS

BREMMSTRAHLUNG

PARAMETER High Low
| TR 139255 125545
Ny oo 4271539 4552833
KT oo, 1001522 179154,
Flow ceveeeeneeinannaanin, ~0.22 ~0.21
Fred vveermneeenaannnnn, 19.1+£ 05 120+ 05
TV e 104/108 124/108

Power Law

PARAMETER High Low
T oo, 1502813 1401518
Ny oo, 4951833 5.6420:39
AW/AQ) e 0.03 0.06
Flow «oeeeeeeeeeeeeeii, 020+003 020+ 002
Fred covovennenniannianinn, 189 + 0.5 11.8 + 04
XY e 105/109 123/109

Notes—The column density Ny, is given in units of 1022
cm~2 F, is the 0.5-1.5 keV flux and F,,, is the 2-10 keV
flux given in units of 107 !! ergs cm =2 s~ . All fits include a
narrow Fe K line with energy fixed at 6.38 keV. Except for
fluxes, errors are 90% confidence for two interesting param-
eters. All soft excess components are absorbed by an addi-
tional column of Ny,,, = 0.02 x 1022 cm™2. A(1)/4(2) is the
ratio of 1 keV normalizations of the soft excess power law
(the reflected component in the scattering model) and the
direct power-law continuum.

The data also suggest that the shape of the 2-11 keV contin-
uum has changed between the high and low states, although we
cannot distinguish between an increase in the column density
or a spectral flattening with decreasing flux. The two-
dimensional confidence contours for photon index versus Ny
obtained from the 0.4-11 keV partial covering fits are shown in
Figure 6. The 90% contours do not overlap, indicating that
either the index or the column density has varied between the
high and low states. A ratio of the high to the low state data
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FIG. 3—Two-dimensional confidence contours for the covering fraction vs.
the observed column density for partial covering fits to the 0.4-11.0 keV data.
The crosses mark positions of minimum x2. Contours are 68%, 90%, and 99%
confidence.

(Fig. 7) provides a model-independent test of this change. The
ratio remains flat (~ 1) between 0.4-1.2 keV, and remains flat
from 5 to 10 keV. Such a shape can be produced either by an
increase in the column density in the low state, or by a flat-
tening of the photon index in the low state. A slight increase in
column density or flattening of the spectrum does not alter our
original result that the covering fraction is observed to
decrease as the continuum source dims.

There is evidence for a positive correlation between spectral
index and source flux in NGC 4151 (Yaqoob & Warwick
1991), and so we may expect to observe a slight flattening of the
spectrum when the 2-10 keV flux decreases by 40%. On the
other hand, it is also possible that the column density can
change on short timescales. A change in column density can be
interpreted in one of two ways. If the X-ray absorber is clumpy
and located close to the continuum source, then variability of
the column density is predicted to occur as clouds pass in front

0.6

AO counts sec™! kev™!

0.5 1 2 5 10
Channel Energy (keV)
F1G. 4—The A0 data and best fit partial covering model (solid line) for the

high and low states. The Fe K« emission line is included in the fits. The edge at
2.2 keV is due to absorption by the mirrors.
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F1G. 5—Unfolded spectrum corresponding to the partial covering fit that
is illustrated in Fig. 4. The solid line represents the best-fit partial covering
model.

of the X-ray source. The crossing timescale of a single cloud
depends on the ratio of the cloud size to the central source size
as well as the transverse velocity of the cloud. For a cloud
moving at 10* km s~! having a size of 10'* c¢m (which is
assumed to be the same as that of the X-ray source) Reichert,
Mushotzky, & Holt (1986) calculate a cloud transit time of 2
days, which would be consistent with a 1 day change in the
column. However, an increase in the column as the flux dims
might imply that the soft excess is due to a change in the
ionization state of the absorber on short timescales (see below
for a test of this model).

Besides the fact that the low-energy flux does not track the
high-energy flux as the source dims, there is another problem
with a partial covering description of the NGC 4151 spectrum.
We find that the partial covering model does not provide a
consistent description of the broad-band spectrum during the
low state. Figure 8 shows the confidence contours for the
column density versus the photon index, obtained from fitting
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F1G. 6.—Two-dimensional confidence contours of photon index vs. column
density for partial covering fits to the 0.4-11.0 keV data. The crosses mark
positions of minimum 2. Contours are 68%, 90%, and 99% confidence.

0.5 1 2 5 10

Channel Energy (keV)
F1G. 7.—Ratio of the high to low state data in pixel AO

a partial covering model to two different bandpasses: 0.4—11
keV and 2-11 keV. During the high state, the contours overlap
(Fig. 8a). However, during the low state, they do not (Fig. 8b)
indicating that the result obtained depends on the assumed
bandpass. Also, the derived covering fraction for the low state
when fitting the 2-10 keV continuum alone is ~0.89, lower
than that obtained from fitting the 0.4-11.0 keV continuum
(~0.94). The reason for this apparent difference in derived
covering fraction with bandpass is that there are additional
residuals located at ~2 keV in the low state (discussed in
§ 3.2.3 and shown in Fig. 13b below) that are driving the 2-11
keV fit. One thing Figure 8 does suggest is that care should be
taken in interpreting partial covering results for NGC 4151
from low flux-state proportional counter data when the low-
energy instrumental cutoff is 1-2 keV.

Ionized absorber—The primary soft excess in NGC 4151
has been modeled in terms of an ionized (or “ warm ™) absorber
(Yaqoob et al. 1989; Yaqoob & Warwick 1991). However, the
models previously applied only treated absorption along the
line of sight without including other physical processes. We
have therefore attempted to model the soft excess with an
improved ionized absorber model (Netzer 1993), which
includes all emission processes in the gas as well as Compton
reflection from the ionized material. Netzer (1993) finds that
contributions from low-energy emission features can both
dilute absorption edges and complicate the variability pattern
of the low-energy flux. The most important absorbing element
in the gas is oxygen, and the strongest absorption edges are due
to O vi at 739 eV and O v at 870 eV, while emission from
oxygen and iron dominates.

The model consists of a “normal” AGN input spectrum as
described in Netzer (1993) with «,, = 1.2, extending out to 40
keV. The continuum is fully covered by a single large cloud
and the covering fraction for the entire cloud system is 0.5. The
free parameters in the model are the normalization of the
power law, the ionization parameter, and the column density
of the absorber. The dimensionless ionization parameter is
defined as U = F,,/Nyc where F, is the incident ionizing
photon flux, Ny is the hydrogen number density, and c is the
speed of light. For solar composition, the abundance ratios are
given by (He, C, N, O, Ne, Mg, Si, S, Fe):H = (1000, 3.7, 1.1,
8.0, 1.0, 0.35, 0.33, 0.16, 4.0) x 10~* The continuum shape
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FiG. 8—Confidence contours for I' vs. Ny, for (a) the high state, and (b) the low state. The contours for the 2-10 keV partial covering fits (dashed lines) are
compared to those from the 0.4-11 keV partial covering fits (solid lines). The crosses mark positions of minimum y2. Contours are 68%, 90%, and 99% confidence.

cannot be varied during the fitting procedure, and so different
models have been generated for different values of the input
spectral index. For NGC 4151, a value of I" = 1.5 was chosen
as the X-ray slope to most closely match the observed 4-11
keV indices. Models were calculated having various elemental
abundances.

Initially, we examined a model having solar metal abun-
dance; this model is illustrated in the lower half of Figure 9.
However, a solar abundance model did not provide a good
description of the data since we do not observe the strong,
predicted oxygen edges. The top curve in Figure 9 shows a
similar model having oxygen at 1 solar abundance with all
other metals at solar abundance. This model provides the most
adequate description of the data giving a 2 of 1.0 and 1.15 for
the high and low states, resepctively (Table 2A).

Although the model predicts many emission features at low
energies, we do not observe any discrete line complexes below
1.4 keV. To illustrate the featurelessness of the low energy
continuum, Figure 10 shows the ratio of the 0.4-1.4 keV A0

o — g : ——— g
S =

1/2 solar oxygen

0.1

solar oxygen

Arbitrary Normalization
107®  o0.01
T

1074
T

R S |

2 5 10
Energy (keV)

FiG. 9.—lonized absorber models that are discussed in § 3.2.1 of the text
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data (high and low states) to a simple power-law model. This
model was chosen to obtain a flat continuum against which to
search for lines. The data are binned roughly to the BBXRT
resolution (each bin is ~ 100 eV wide). There are no obvious
features, and 90% confidence upper limits placed on any line
emission between 0.4—1.4 keV are less than 70 eV in equivalent
width (EW), with the exception of 0.7 keV where a 200 eV EW
line is allowed. The features predicted by the ionized absorber
model are rather weak, however, (spanning a range of 10—100
eV EW with ~50 eV EW being typical), and so we are not
particularly sensitive to them.

One problem with an ionized-absorber description of the
primary soft excess is that we do not observe the soft flux track
the hard flux. A strong prediction of the ionized absorber
model is a temporal one, and that is that the softness ratio
Rs = Fx(0.5-1.5xevy/ Fx(2_10kev) Should remain the same or even
decrease slightly as the 2-10 keV flux decreases. This is because
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FiG. 10.—Ratio of the 0.4-1.4 keV data to a best-fit power-law continuum
(I' = 1.7) absorbed by Galactic Ny;. This model was used to obtain a flat
continuum against which to search for features.
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the recombination timescale for gas along the line of sight is
short (~ 100 s). For an ionized-absorber description of the high
state (Table 2A) Rg ~ 0.01, and is predicted to be within 0.01-
0.005 in the low state. However, the softness ratio is observed
to increase from ~0.01 during the high state to 0.017 during
the low state which is the opposite of what is predicted. This
has the effect of causing the measured ionization parameter to
increase when the source dims. This is illustrated in Figure 11
which shows the two-dimensional contours for U versus Ny.
The 90% confidence contours do not overlap, and the change
in ionization parameter goes in the “wrong” direction (see
discussion in § 4.1.2).

Another problem for the ionized absorber model is that the
derived ionization parameter is inconsistent with the ioniza-
tion parameter that is implied for the absorbing material based
on the observed energy of the Fe K edge. The Fe K edge energy
is found to be 7.46 + 0.23 keV (Paper I), corresponding to
Fe v-xvil (Makishima 1986). However, an ionization param-
eter of log U ~ 0.5 implies that iron should be ionized to Fe
xix (Makishima 1986) giving an edge energy of 7.9 keV
(Yagoob & Warwick 1991). A similar problem for a warm
absorber description of the soft excess was found by Yaqoob &
Warwick (1991) from an analysis of Ginga data. They deter-
mined that the energy of the iron K edge in NGC 4151 rules
out the high value of the ionization parameter as measured
from their warm absorber spectral fits. We follow the interpre-
tation of Yaqoob & Warwick (1991) that the Fe K edge energy
does not support a warm absorber origin for the entire soft
excess in NGC 4151. However, the Fe K edge energy is consis-
tent with a multiple component description of the soft excess in
which less than 50% of the flux in the soft excess arises from an
ionized absorber with a lower ionization parameter (discussed
in § 4.3).

Thermal Emission—For a thermal bremsstrahlung fit to the
primary soft excess the temperature is not well constrained
(Table 2B). However, our values of kT = 1.0-1.7 keV are in
rough agreement with kT = 0.58 (+2.8, —0.1) keV seen in the
EXOSAT data (Pounds et al. 1986). Setting the thermal com-
ponent to have kT = 0.58, we find the observed 0.2-1.0 keV
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flux to be 2.8 + 0.6 x 1072 ergs cm ™2 s~ ! which is very close
to the value measured by Pounds et al. (1986) of 4.0 x 10712
ergs cm~2 s~ 1. The intrinsic luminosity of this component
(corrected for Galactic absorption) for kT = 0.58 is ~2 x 10*!
ergs s~ 1, which is similar to their value of 2.6 x 10*! ergss 1.
Therefore, we conclude that for a thermal description of the
soft excess, our results are consistent with those observed by
Pounds et al. (1986). For our best fit of kT = 1.0 keV, the 0.3—4
keV flux in the soft component is (3 + 0.5) x 1072 ergs cm ™2
s~1. This gives a luminosity of (1.55 + 0.25) x 10*! ergs s~ 1.
Both the BBXRT and EXOSAT luminosities are higher than
the 0.1-3 keV luminosity observed in the extended component
of ~3.0 x 10*°~1.2 x 10*! ergs s~ ! (Elvis et al. 1983, 1990).

The problem with a thermal model is that at temperatures of
kT = 0.58-1.7 a simple free-free continuum has no physical
meaning since we would expect to see line emission associated
with a hot plasma (unless, of course, there are no metals). The
BBXRT data reject a Raymond-Smith plasma model for the
best-fit thermal temperatures, as no evidence of strong low-
energy line emission is seen (Fig. 10). The 90% confidence
upper limits to the metal abundance are 0.10 solar and 0.24
solar for the high and low states, respectively, using the best-fit
thermal temperatures given in Table 2B.

Scattering—Since the partial covering model provides a
good analytical description of the data in the high state, this
naturally leads to the possibility that the soft excess may be
due to scattering of the central continuum instead of leakage.
In this scenario, a finite column density cloud, large enough to
absorb all energies between the Lyman limit and ~1 keV, is
obscuring the direct line of sight. At this stage we only test the
idea that such obscuring gas is neutral.

A fourth model was constructed consisting of two power
laws having the same spectral index, one absorbed by a high
intrinsic column and the other by Galactic Ny (Table 2B). This
model, illustrated in Figure 12, is algebraically the same as a
partially covered continuum. However, we have defined it as a
new model in order to stress the fact that this provides a differ-
ent physical description of the data. The fraction of the contin-
uum scattered can be measured in two ways. First, the ratio of
the fluxes of the soft X-ray power law and the 2-11 keV power
law at 1 keV [A(1)/A(2) in Table 2B] provides a ratio of the
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F1G. 12.—Scattered continuum model used the soft excess
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scattered to direct continuum. The fraction scattered can also
be determined by extrapolating the unabsorbed high-energy
slope to lower energies and measuring the strength of the
observed low-energy continuum relative to the extrapolation.
Both methods give a fraction scattered of ~3%—4% for the
high state and 5%—-6% for the low state. An increase in the
fraction scattered is consistent with the temporal predictions of
the model, since we expect the ratio to increase when the
source flux decreases if the nuclear continuum is scattered into
our line of sight. This is due to a delay in the response of the
scattered component to the continuum. The measured column
density absorbing the scattered component is consistent with
the Galactic column density and the 90% confidence upper
limitis 1.2 x 102! cm ™2,

The intrinsic column density (that of the obscuring cloud)
measured from the scattering model is ~5 x 1022 cm~2 (Table
2B). This column is much higher than the UV absorbing
column found by Kriss et al. (1992) of 6 x 10*7-6 x 10%°
cm ™2, and implies that a single large obscuring cloud is not
responsible for both the UV and X-ray absorption. One pos-
sible explanation (Weaver 1994), in the content of NGC 4151
being somewhat like a Seyfert 2 (§4.2.2), is that the X-ray
absorber is the same as the gas responsible for the optical
broad lines (the broad line region) while the UV absorber is a
low column density torus responsible for collimating the UV
radiation (Kriss et al. 1993).

3.2.2. SSS + MPC Observations

To further investigate the variability pattern of the soft
excess in NGC 4151, we examined simultaneous Einstein
Observatory Solid State Spectrometer (SSS) and Monitor Pro-
portional Counter (MPC) data covering days 146—148 of 1979.
During these observations, the 2-10 keV continuum flux level
is similar to the low flux state in BBXRT. Table 3 gives the
observed count rates in various energy bands. An interesting
variability pattern is seen. The 0.6—1.5 keV count rate and the
4-10 keV count rate change by <$10% (although the errors
cannot rule out maintaining a constant flux level) while the
1.5-4 keV count rate changes by ~20%. The best-fit MPC
photon index is 1.4 + 0.3. If we assume it remains constant
during the three observations, the only way to reconcile the
SSS and MPC data is if the column density decreases by
~40% (from ~13.5 + 3.0 x 1022 t0 8.5 + 1.0 x 10*2cm™~?)in
1 day. A partial covering fit to the SSS and MPC data allows
the covering fraction to remain constant, and so we cannot rule
out partial covering as being the best descriptor of the data.
For the best-fit absorption values (with I" = 1.4), the 0.5-1.5
keV flux is (4 + 1.0) x 102 ergs cm ™2 s~ ! which is consistent
to within a factor of 2 with the flux obtained for a partial
covering fit to the BBXRT data (see Table 2A).

3.2.3. Silicon Features

Differences between the high- and low-state spectra due to
possible features can be seen in the residuals to the low-state
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data for a partial covering description, a thermal description,
and a scattering description of the soft excess. In a plot of the
ratio of the 0.4-11.0 keV data to the partial covering model for
the high state (Fig. 13a) there are no systematic residuals
observed greater than 10%. However, in the low-state ratio
(Fig. 13b) a broad hump is visible between 4-8 keV (a possible
explanation of this “hump” as a broad emission line is given in
Paper I) while there is a positive “feature” between 1.5 and 3.0
keV. This indicates that the partial covering model, while sta-
tistically a good fit, does not provide a good analytical descrip-
tion of the entire continuum in the low state. The 1.5-3.0 flux
component may not vary and is apparently swamped when the
source is in a high state. The fact that this portion of the total
soft X-ray excess seen by BBXRT above 1.5 keV does not track
the 2-10 keV continuum flux is contrary to behavior which has
previously been reported in NGC 4151 (Yaqoob & Warwick
1991).

The 1.5-3.0 keV residuals can be well described with two
narrow Gaussians, which provide a reasonable physical inter-
pretation. Setting the line energies to be 1.865 and 2.01 keV for
He-like and H-like Si recombination (Sixm and Sixiv),
Ayx? = 7 which is significant at 90% confidence for the addition
of 2 d.o.f. using the F-test. The equivalent widths of the lines,
measured with respect to the absorbed continuum, are
110 + 90 eV and 60 + 50 eV (90% confidence errors) and the
flux in each line is ~0.001 and ~0.0005 photons cm ™2 s~
respectively. The H- llke/He like line ratio, although not well
constrained by the data, is 0.55%:25. For silicon recombi-
nation in a plasma this indicates a temperature of greater than
1058 K (Raymond & Smith 1977). The total flux in the lines is
found to be ~7 x 10713 ergs cm~2 s~ ! which gives a lumi-
nosity of 3.4 x 10*° ergs s~* at 20 Mpc. The line flux corre-
sponds to ~ 8% of the total 0.1-3 keV flux which is about half
that seen in the HRI extended component (Elvis et al. 1983).

The presence of Si Lya at 2.01 keV restricts the temperature
of the region where the Si originates to be at least 1058 K, if it
is a collisionally excited gas. At this and higher temperatures
for a plasma, we should see even stronger emission features due
to Fe L and S (2.460 keV). The lack of these spectral signatures
indicates that the line-emitting plasma, if collisionally excited,
is most likely in a nonequilibrium state, as is often seen in the
spectra of supernova remnants (e.g., Hamilton, Sarazin, &
Szymkowiak 1986). For a hot, photoionized gas, the tem-
perature is lower and may be consistent with the temperature
of the proposed scattering medium (discussed in § 4.2.2). A full
model of such gas is beyond the scope of the present paper.

4. DISCUSSION

We find that the primary soft excess in NGC 4151 (that
between 0.4 and 1.5 keV) comprises essentially a featureless
continuum that does not vary on short timescales and is con-
sistent in shape and flux to the nonvariable soft excess
observed with EXOSAT (Pounds et al. 1986). However, in

TABLE 3
SSS + MPC OBSERVATIONS OF NGC 4151

1.5-4.0 keV Count Rate
(SSS counts s ™)

4-10.0 keV Count Rate
(MPC counts s~ 1)

Day 0.6-1.5 keV Count Rate
(1979) (SSS counts s~ 1)
146............... 0.13 + 0.01
147 ..ot 0.15 + 0.01
148........ooill 0.14 + 0.01

0.22 + 0.01 5.6 + 0.6
0.28 + 0.01 62+ 0.6
0.28 + 0.01 6.0 £ 0.6
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applied to the data.

contrast to EXOSAT results, for a single component descrip-
tion of the soft excess the BBXRT data actually imply that the
partial covering excess found by Holt et al. (1980) is the same
as the nonvariable excess observed by Pounds et al. (1986) and
Perola et al. (1986). Although BBXRT has provided the best
indication of the form of the excess to date, better signal-to-
noise ratio data is needed to determine the difference between
models with very similar spectral shapes and to detect weak
features associated with an ionized absorber. In §§ 4.1 and 4.2,
we determine which single-component characterizations of the
primary excess may have physical implications.

4.1. Modified Absorbing Column
4.1.1. Partial Covering

A partial covering description of NGC 4151 has historical
significance as it was the first model used to describe the soft
excess. Holt et al. (1980) preferred it based on simplicity argu-
ments. The partial covering model still provides an excellent
analytical description of the primary excess. However, if we
attempt to interpret this model physically, there are problems.
For clouds passing across the line of sight we expect the low-
energy X-ray flux to track the 2-10 keV continuum flux. There
is no reason a priori to expect the covering fraction to “know
about ” the flux change and adjust at the same time in just such
a way as to cause the soft flux to remain constant; however,
this is what our observations imply. Therefore, we conclude
that a partial covering description of the soft excess is unlikely.

4.1.2. Ionized Absorber

Ionized or “warm ” absorber models are becoming increas-
ingly popular to explain the soft excesses seen in the spectra of
quasars (Halpern 1984; Pan, Stewart, & Pounds 1990; Fiore et
al. 1993) and Seyfert galaxies (Yaqoob et al. 1989; Nandra et al.
1991; Turner et al. 1992). In the simplest “absorption-only”
model, as the ionizing continuum increases (providing more
hard photons at the face of the cloud) the ionization parameter
increases since the line-of-sight absorbing clouds respond to
changes in the ionizing flux on timescales of minutes. There-
fore, we expect the ionization parameter to be proportional to

Fx(;_10) and the softness ratio to remain roughly constant. For
NGC 4151 we observe the ionization parameter to be inversely
proportional to Fy,_;0, and the softness ratio is seen to
increase. Also, the Fe K edge energy is inconsistent with having
been produced in gas with the same ionization parameter as
the low-energy absorber. This allows us to rule out a line-of-
sight ionized absorber as the sole source of the soft X-ray
excess in NGC 4151.

Possibly a more physical scenario is that there is a signifi-
cant contribution to the soft excess in the form of line emission
from clouds out of the line of sight which, because of the time
lag, would not change on the same timescale as the continuum.
The question then becomes: how much of the soft excess can
be due to the reduced opacity of the absorber along the line of
sight? We examined the data and assumed first that all of the
soft excess observed in the high state is due to a warm
absorber, and second, that the ionization parameter decreases
during the low state to ~% that of the high state, consistent
with the change in the 2-10 keV flux. With these assumptions,
an ionized absorber can make up only 40% of the soft excess in
the low state.

We conclude that this particular subset of ionized absorber
models, although they give an adequate description of the soft
excess, do not adequately predict the lack of temporal varia-
tions that are observed. Although we have not yet included
time delay and reverberation effects in our analysis, we find
that an ionized absorber cannot be responsible for the entire
soft excess unless there is a significant contribution from pho-
toionized clouds that lie out of the line of sight.

4.2. Spatially Extended Component

An alternative explanation of the BBXRT soft excess is that
it is not directly related to the continuum but may be emission
from a spatially extended component. A thermal continuum
provides an excellent description of the primary soft excess,
and our best-fit energy and flux in the soft component is con-
sistent with that observed previously (Pounds et al. 1986). In
addition, we find that the Einstein SSS and MPC data also
show the majority of the soft excess to remain constant over a
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two day time scale with a flux consistent to within a factor of 2
with that observed by BBXRT.

In addition, spatially extended soft X-rays have been dis-
covered in NGC 4151 to account for at least 15% of the 0.1-3.0
keV flux (Elvis et al. 1983). Assuming a thermal spectrum
absorbed by the Galactic column, Elvis et al. (1983, 1990) find
the luminosity of this extended component to be between
3.0 x 10*% and 1.2 x 10*! ergs s~ 1. This could make up ~ 3 of
the luminosity observed by BBXRT for a thermal description
of the data (kT = 0.58). However, the HRI observation is only
sensitive to extended emission on a larger than kiloparsec
scale, so there is almost certainly “extended” emission unre-
solved by the HRI.

4.2.1. Hot Gas in Collisional Equilibrium

Much discussion in the literature has focused on the soft
excess/extent as being emission from the hot intercloud
medium (HIM) proposed to constrain the narrow-line clouds.
For a hot, photoionized gas to pressure confine the narrow-
line clouds, it is likely to be at its Compton temperature
(Krolik, McKee, & Tartar 1981; Krolik & Vrtilek 1984). For
the continuum chosen to represent NGC 4151, this is
~2.7 x 107 K. For a collisionally excited plasma there is no
such temperature limit, and higher temperatures can occur,
provided the density is high enough (i.e., the ionization param-
eter is low enough). In such gas, for temperatures between
1 x 10% and 2 x 107 K, the cooling is dominated by line emis-
sion and we expect to observe a blend of lines centered between
0.8 and 1.2 keV due mostly to Fe L. For higher temperatures
(>2-3 x 107 K) the emissivity is dominated by the free-free
continuum.

The upper limit to the Fe abundance from a Raymond-
Smith plasma fit to the BBXRT soft excess is 0.03 solar at a
temperature of 1 x 107 K. Setting the abundance in the gas to
0.5 solar, we find that the plasma temperature must be at least
T = 3.5 x 107 K and setting the abundance to solar the tem-
perature must be at least 5.2 x 107 K, both of which are higher
than the temperature expected for a photoionized confining
medium. As explained, a collisionally ionized gas must have a
higher density, and therefore a higher pressure, to keep such
high temperatures without being fully ionized by the central
radiation source. Thus, it cannot be in pressure equilibrium
with the NLR gas. We therefore conclude that the excess
cannot be due to an equilibrium plasma with a temperature of
105-107 K, and it is not likely to be emission associated with
the NLR confining medium.

4.2.2. Electron Scattered Radiation

Although we clearly see the continuum and the broad
emission-line region in NGC 4151, much evidence has accumu-
lated to support an edge-on geometry for the central region of
the galaxy (Clavel et al. 1987; Maoz et al. 1991; Maisack &
Yaqoob 1991; Kriss et al. 1993). In the context of the Unified
Model, this geometry makes NGC 4151 similar to a Seyfert 2
galaxy. If we assume NGC 4151 is like a Seyfert 2 (i.e., having
an optically thick torus that collimates the UV radiation), we
might expect to observe some fraction of the X-ray continuum
that has been reprocessed and scattered into our line of sight
by the electron scattering zone (as in NGC 1068; Antonucci &
Miller 1985; Marshall et al. 1993). A scattered continuum also
provides a good description of the soft X-ray data and is con-
sistent with the lack of short-term variability.

The observed fraction scattered provides a measure of the
optical depth of the scattering zone. From the day 5 observa-
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tion we obtain a fraction of 0.03. The Compton depth is given
bY Teg ~ frcaulCy % Q/4m)~" where Q/4n is the solid angle, and
¢ is the covering fraction. Kriss et al. (1993) find the ionization
cone opening angle in NGC 4151 to be ~70° which gives a
solid angle of ~0.2 for the scattering zone. If we assume that
the covering fraction is 1, then 7., = 0.15 in the scatterer.

Although the scattering zone acts essentially as a mirror at
optical wavelengths, it will produce observable features at
X-ray wavelengths. Based on the widths of the Balmer lines,
Miller, Goodrich, & Mathews (1991) obtain an upper limit to
the temperature of the scattering zone in NGC 1068 to be a few
times 10° K. If we assume the temperature of the scattering
zone to be the same in NGC 4151, and if the reflector is not
highly ionized, we should see oxygen absorption. For neutral
material the oxygen optical depth is given by 7., =
Ay(0,,/0.5)T.s» Where A, is the abundance of oxygen relative to
solar and g, are the absorption cross sections. This gives an
expected optical depth of 9 with the assumed 7., of 0.15.

The upper limit we measure for the oxygen edge at 532 eV is
7., = 1.0, so we need to drastically reduce the oxygen abun-
dance or have the scattering zone partially ionized. We then
have the problem of suppressing emission from this zone, which
requires a low electron density. Marshall et al. (1993) have
found that it is possible to construct a model for the scattering
region in NGC 1068, but only with reduced oxygen abun-
dance. While there are other indications for abnormal oxygen
composition in NGC 1068, this is not the case for NGC 4151,
and the limit on the X-ray absorption is a severe limitation for
a few times 10° K scattering medium. The second component
suggested by Marshall et al. (1993) is, in fact, more promising.
This is a very hot, highly ionized gas, close to its Compton
temperature. Such a gas can scatter the X-ray continuum very
efficiently, without having a noticeable effect on the galaxy’s
broad optical emission-line properties (i.e., lines from such a
gas will be broadened beyond recognition). There are no X-ray
absorption features expected from this component and no
other observational constraints except for a very weak pol-
arized continuum at optical wavelengths.

4.3. A Multiple Component Description of the Primary Excess

We have found that no single-component description of the
primary soft excess is ideal. Modified absorbing columns alone
do not satisfy the temporal data while lack of strong spectral
features causes problems for both thermal and scattered inter-
pretations. This does not, however, mean that thermal or pho-
toionized gas cannot contribute to the soft excess. If the major
portion of the excess is due to scattering (§ 4.2.2), for example,
then any emission features associated with a thermal com-
ponent or an ionized absorber would be diluted. This would
explain the fact that we do not observe strong features.

Although the quality of the BBXRT data does not allow us
to constrain parameters for multicomponent fits to the soft
excess, we can gain insight into the most likely possibility if
some assumptions are made. First of all, the possible hint of an
increase in derived column density seen between the high and
low states (§ 3.2.1.1) suggests that a warm absorber may make
some contribution to the soft excess. We have therefore exam-
ined a multi-component model that consists of an ionized
absorber and a scattered component.

We performed this multicomponent test by fitting the high-
and low-state data simultaneously with a power law (I' = 1.5)
and an ionized absorbing column, restricting U for the low
state to be equal to ~2U in the high state. A second power law
was included (to represent scattering) with an index of 1.5 and
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FiG. 14—A multicomponent model for the soft excess that consists of a
scattered continuum plus an ionized absorber. This model is discussed in § 4.3.

was restricted to have the same normalization for the high and
low states. This model is illustrated in Figure 14. The fit, which
allowed only six free parameters (one ionization parameter,
two absorbing columns, one scattered power-law normal-
ization and two direct power-law normalizations) gave x2/
v = 219/220, an improvement of 18 over the ionized absorber
alone (significant at greater than 99% confidence). For this fit,
log U decreases to ~0.01 for the high state. An ionization
parameter of log U = 0.01 predicts the energy of the Fe K edge
to be ~7.6 keV (Yaqoob & Warwick 1991), which is consistent
with the Fe K edge in the BBXRT data (7.46 + 0.23 keV).
Although the multicomponent model does not improve the fit
to the high state above the warm absorber alone (Ay? = 1 as
compared to the fit in Table 2A), it drastically improves the fit
to the low state giving y?/v = 110/110 which is a Ay? of 17
(significant at >99%) over the warm absorber result (Table
2A). When the low state data are modeled in this multi-
component way, the Si Hea line at 1.86 keV is no longer signifi-
cant. However, for a narrow Gaussian added at 2.01 keV,
Ay?* = 3 for 1 d.o.f. freedom implying Si Ly is still marginally
significant (at 90% confidence).

Even for this particular ionized absorber plus scattered con-
tinuum model, some fraction of the soft excess must vary.
Upon close examination of the data, we find that the 0.5-1.5
keV flux is allowed to decrease by up to 20%, or 4 the ampli-
tude of the 2-10 keV flux, between the high and low states.
From this we conclude that no more than 40%-50% of the soft
excess can be due to a line-of-sight warm absorber and the
other 50% must be due to a component which remains con-
stant over a time period of at least one day and probably more
(Pounds et al 1986; Perola et al. 1986). It can be seen in Figure
14 that the ionized absorber contribution to the excess will
begin to dominate at the lowest energies (below 0.6 keV).
Therefore, if an ionized absorber does contribute to the soft
excess, the observed flux variability will be strongest at very
low energies (provided that there is not cold gas in outlying
regions that absorbs most of the <0.5 keV flux). Data with
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better signal to noise and (preferably) a lower bandpass cover-
age than BBXRT are needed to unambiguously detect this
variability.

5. CONCLUSIONS

We have presented new X-ray spectral data on the well-
studied Seyfert galaxy NGC 4151. To within the BBXRT sensi-
tivity, the soft excess continuum is featureless and the softness
ratio Rg = Fy(o.5_1.5/Fx_10) increases as the 2-10 keV flux
decreases. These restrictions cause severe problems for any
single-component description of the soft excess, and it is likely
that the primary soft excess in NGC 4151 results from a com-
bination of two components that are difficult to distinguish
spectrally. Our major conclusions are summarized as follows:

1. We find that the soft X-ray excess in NGC 4151 between
0.4 and 1.5 keV comprises a continuum with no strong features
either in emission (EW < 100 eV) or absorption.

2. We find that the 0.5-1.5 keV flux remains essentially con-
stant over 17 hr, and is consistent with having varied by less
than a factor of 2 over a 12 yr period.

3. The best-single component description of the excess is
scattering of the hard X-ray continuum into our line-of-sight.
However, lack of the predicted absorption and/or emission
features are a problem for this model unless the scatterer has a
very high temperature.

4. A multicomponent description of the soft excess is the
most physically reasonable one. We find that scattered flux
plus 40% due to an ionized absorber is most consistent with
the spectral (lack of strong features) and temporal (lack of
strong variability) data. In addition, the Fe K edge energy is
consistent with the energy predicted from this model.

5. Positive residuals between 1.5-3.0 keV, consistent with
being Si recombination, are observed during the low flux state
of the source. If the Si features are real, this is the first such
detection in an AGN and their presence has implications for
the interpretation of partial covering results obtained from
proportional counter experiments.

It may be that the real test as to the origin of the soft excess
in NGC 4151 will be in its variability pattern. It is also of
critical importance to determine the spectrum of the spatially
extended soft flux in NGC 4151. In addition, better signal-to-
noise observations are necessary to search for weak spectral
features at <1.5 keV energies. ASCA, now in orbit, can
observe weak spectral features (~20 eV EW at low energies)
with 30,000 s integration times and should be able to detect
features associated with a warm absorber as well as to allow a
thorough testing of complex models for the soft excess.
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