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Abstract. We present the results of the analysis of theBep-
poSAXLECS and MECS pointed observation of the E4 galaxy
NGC 3923, for which previous X-ray measurements had given
a medium X-ray to optical ratioLX/LB. The spectral analysis
over (0.5–10) keV reveals that the best representation of the data
is the superposition of two thermal components at temperatures
of 0.4 keV and 6–8 keV. The total emission is roughly equally
divided between the two components, over (0.5–4.5) keV. Abun-
dances are very subsolar at the best fit, but not constrained by the
data. The harder component is consistent with an origin from
stellar sources; the softer component likely comes from hot gas.
LX of this hot gas is not as large as expected for a global inflow,
in a galaxy of an optical luminosity as high as that of NGC 3923.
So, it is suggested that a substantial amount of hot gas was re-
moved by internal agents, and that this process was helped by
the flat mass distribution of the galaxy. Another possibility is
that gas was lost as a consequence of the episod of interaction or
merger that produced the system of shells visible in the optical
band. Finally, the possible origins of the large scatter in the X-
ray emission shown by galaxies of similarLB are also reviewed.
Like NGC 3923, many other low and mediumLX/LB galaxies
reside in small groups, in which the ambient medium (if present)
cannot strip them of their hot gas; so, if only environmental fac-
tors are invoked to lowerLX/LB, the most effective mechanism
must be galaxy interactions. The lowerLX/LB galaxies, though,
are seen to occur across the whole range of galaxy densities. An-
other possibility, to remove some or all of the hot gas, appeals
to mechanisms internal to the galaxies, such as heating of the
gas by supernovae explosions or accretion onto central massive
black holes. This has been shown to work in general, for a large
range ofLB, but it is not clear yet whether the hot gas abun-
dances estimated from recent observations can be accomodated
in it.
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1. Introduction

X-ray observations, beginning with theEinsteinObservatory
(Giacconi et al. 1979), have demonstrated that normal early-
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type galaxies are X-ray emitters, with 0.2–4 keV luminosities
ranging from∼ 1040 to ∼ 1043 erg s−1 (Fabbiano 1989; Fab-
biano et al. 1992). The X-ray luminosityLX is found to correlate
with the blue luminosityLB (LX ∝ L2.0±0.2

B ), but there is a large
scatter of roughly two orders of magnitude inLX at any fixed
LB> 3 × 1010L�. The analysis of theEinsteinspectral data
already revealed that in the X-ray brightest objects the X-ray
radiation comes from thermal emission from a hot, optically
thin gas, at a temperature of∼ 1 keV (Canizares et al. 1987,
hereafter CFT). It also revealed that the X-ray emission tem-
perature increases with decreasingLX/LB, until the dominant
contribution to the total emission comes from a hard thermal
component, similar to that dominating the emission in spiral
galaxies (Kim et al. 1992). Since a population of low mass X-
ray binaries (LMXB) can explain the X-ray emission of the
bulge of M31, and that of bulge-dominated spirals, it is likely
that in early-type galaxies an increasing fraction of the X-ray
emission comes from stellar sources asLX/LB decreases. Bet-
ter quality spectra of low and mediumLX/LB galaxies (i.e.,
belonging to Group 1 or Group 2 in the analysis of Kim et al.
1992, or withLX/LB< 30.3 in the Einsteinband) have been
made available recently for several galaxies, thanks toROSAT
andASCApointed observations.

The analysis ofROSATdata confirmed the findings based on
the Einsteindata for several low and mediumLX/LB galaxies
(see, e.g., the sample of 61 early-type galaxies observed with
theROSATPSPC built by Irwin & Sarazin 1998). The emerging
picture was the existence of at least two spectral components, a
soft one likely due to hot gas or stellar sources, and a hard one,
whose temperature is not well constrained, due to the lack of
sensitivity of the PSPC above 2 keV.

Sensitive over (0.5–10) keV,ASCApointed∼ 30 early-type
galaxies, among which there are a handful with low or medium
LX/LB (Matsushita et al. 1994; Kim et al. 1996; Matsumoto et
al. 1998; Buote & Fabian 1998, hereafter BF). In all the 12 E/S0s
of their sample Matsumoto et al. find a variable amount of soft
thermal emission, of temperature ranging from 0.3 to 1 keV,
coupled to hard emission. The amount of this hard emission
roughly scales as the optical luminosity of the galaxies, and is
consistent with that of bulge-dominated spirals, such as M31.
UsingASCAdata over the energy range 0.5–5 keV, also BF find a
hard component ofkT > 2 keV coupled with a soft component,
in the low or mediumLX/LB galaxies of their sample.
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Table 1.General characteristics of NGC 3923

Typea RA Dec PAa db B0
T

a logLB
c Re

a b/a a σ d NH
e

(J2000) (J2000) (deg) (Mpc) (mag) (L�) (km s−1) (cm−2)

E4 11h51m02s.1 −28◦48′23′′ 50 41.5 10.27 11.3 49.′′8 0.66 241 6.4×1020

a from de Vaucouleurs et al. 1991. PA is the position angle of the optical major axis;B0
T is the total B magnitude,

corrected for galactic and internal extinction;Re is the effective radius, andb/a is the minor to major axes ratio.
b distance from Fabbiano et al. (1992), who adopt a Hubble constant of 50 km s−1 Mpc−1.
c total B-band luminosityLB, derived using the indicated distance andB0

T.
d central stellar velocity dispersion from McElroy (1995).
e Galactic neutral hydrogen column density from Stark et al. (1992).

The precise knowledge of the contribution of stellar sources
to the total X-ray emission is important to better constrain the
properties of the hot gas (i.e., temperature, abundance and lu-
minosity), or to identify peculiarities such as the presence of
a mini-AGN, another possible contributor to the hard emission
(e.g., Colbert & Mushotzky 1998). So, stronger constraints on
the gas flow phase and the galaxy properties can be derived.
The contribution of stellar sources can be best evaluated with
observations over a large bandwidth. In this paper we report
on the X-ray emission from the E4 galaxy NGC 3923, as de-
tected by theBeppoSAXsatellite over (0.5–10) keV. Our pur-
pose is to investigate in detail the nature of the X-ray emission
in this mediumLX/LB galaxy (Einsteinobservations showed
that log(LX/LB) = 30.24 for it, Fabbiano et al. 1992). The
BeppoSAXobservation of NGC 3923, exploiting a moderate
spatial resolution coupled with the large energy band and the
good spectral resolution of the satellite, permits the separation
of the soft and the hard emission components eventually present.
The spectral properties of NGC 3923 over 0.5–5 keV have been
already studied by BF, usingASCAdata referring to a radius of
2 arcmin (note that the radius encircling 80% of the photons of
a point source is 3 arcmin for theASCA-XRT). TheBeppoSAX
observation of NGC 3923 presents some advantages over that
performed byASCA: a sharper PSF above 2 keV with respect
to that of theASCA-XRT, which is also asymmetrical1; a lower
instrumental background for the MECS with respect to the GIS,
which favors weak sources. Finally, a larger covering in energy
is presented here with respect to that analysed by BF (i.e., 0.5–
10 keV versus 0.5–5 keV), a spatial analysis is attempted over
(1.7–10) keV, and a larger extraction region for the spectral data
is used. NGC 3923 has been pointed also by theROSATPSPC
and HRI, which allowed a detailed investigation of the spatial
distribution of the X-ray emission (Buote Canizares 1998, here-
after BC).

This paper is organized as follows: we present in Sect. 2 the
main properties of NGC 3923, in Sect. 3 the results of the data
analysis, in Sect. 4 the possible origins for the X-ray emissions
of NGC 3923 are discussed in light of the present results, and

1 For example, the half power radius measured for the on-axis PSF
at 6 keV is about a factor of two smaller than that of theASCAon-axis
PSF; the comparison is even more favorable at the 80% and 90% radii,
due to the considerably reduced scattering of the MECS optics (Boella
et al. 1997b).

more in general the possible origins of the large scatter in the X-
ray emission shown by galaxies of similarLB are also reviewed;
in Sect. 5 we summarize the conclusions.

2. General characteristics of NGC 3923

The main characteristics of NGC 3923 are summarized in Ta-
ble 1. This is the dominant galaxy of a small group of five objects
(LGG255, Garcia 1993); the other members are one elliptical
(NGC 3904), one lenticular and two spirals. The velocity dis-
persion of the group is 184 km s−1 (Huchra & Geller 1982).
No extended X-ray emission has been detected other than that
associated with the galaxy, from a possible intragroup medium
(Forman et al. 1985). NGC 3923 is one of the best known ex-
amples of an elliptical galaxy with shells (e.g., Carter et al.
1998). In NGC 3923 the shells are expected to be the result of
two possible processes: a low-velocity merger with a less mas-
sive galaxy which is eventually disrupted, on a long time scale
of several Gyrs (Quinn 1984); or a weak interaction, which
took place a couple of Gyrs ago, with a passing galaxy of much
smaller mass (Thomson 1991). NGC 3923 shows no rotation on
its major axis (e.g., Pellegrini et al. 1997), and small minor axis
rotation (Carter et al. 1998), which is consistent with either the
presence of a kinematically decoupled core, established during
a merger, or triaxiality (Franx et al. 1989). The modest content
of cold gas and dust in NGC 3923 is consistent with a merger
with a dwarf spheroidal; this would also explain the absence of
radio activity, or of enhanced star formation (Forbes 1991). In
case, any enhanced activity is expected to have occurred on a
shorter time-scale than that of the long-lived shells. In all other
respects except the presence of shells, NGC 3923 appears to be
an ordinary elliptical galaxy, whose projected image on the sky
is quite flat.

3. X-ray data analysis

NGC 3923 was observed by two Narrow Field Instruments on
board theBeppoSAXsatellite (Boella et al. 1997a): the Low En-
ergy Concentrator Spectrometer (LECS) and the Medium En-
ergy Concentrator Spectrometer (MECS). The journal of the ob-
servation is given in Table 2. LECS and MECS are made of graz-
ing incidence telescopes with position sensitive gas scintillation
proportional counters in their focal planes. The MECS, which
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Table 2.Observation log

Date Exposurea (ks) Count Rateb (ct/s) Regionc

LECS MECS LECS MECS LECS MECS

1997 Jan 29 16.08 43.51 0.01±0.0015 0.01±0.0010 R = 8′ a = 8′, b = 6′

a On-source net exposure time. The LECS exposure time is considerably reduced with respect to the MECS one, because the LECS can operate
only when the spacecraft is not illuminated by the Sun.
b Background subtracted source count rates, with photon counting statistics errors, within the regions specified in the last column.
c The extraction region is a circle for the LECS data and an ellipse of semi-axesa andb for the MECS data.

Fig. 1. The MECS image of NGC 3923, smoothed
with a gaussian ofσ = 1′. Contours plotted cor-
respond 27, 30, 33, 39, 45, 55, 70, 85, 95% of the
peak intensity. The ellipse has the same position an-
gle of the optical image, and indicates the extent of
the X-ray image that has been used to extract the
spectrum (see Sects. 3.1 and 3.2). The numbers 1,
2, 3, 4 mark respectively the positions of the fore-
ground/background sources 1, 2, NWa and MWb
found by BC in theROSATimage of NGC 3923.

consists of three equal units, has a field of view of 56 arcmin
diameter, works in the range 1.5–10 keV, with an energy resolu-
tion of ∼ 8%, and moderate spatial resolution of∼ 0.7 arcmin
FWHM at 6 keV (Boella et al. 1997b). The total effective area
of the MECS is comparable to that of the 2 GIS units on board
ASCA. The LECS is sensitive also at softer energies (over 0.5–
10 keV), has a field of view of 37 arcmin diameter, an energy
resolution a factor of∼ 2.4 better than that of theROSATPSPC,
but an effective area much lower (between a factor of 6 and 2
lower, going from 0.3 to 1.5 keV; Parmar et al. 1997).

The cleaned and linearized data have been retrieved from
theBeppoSAXScience Data Center archive, and later reduced
and analysed using the standard software (XSELECT v1.3,
FTOOLS v4.0, IRAF-PROS v2.5, and XSPEC v10.0). For the
MECS, the event file made by merging the data of the 3 MECS
units, properly equalized, has been used.

3.1. Spatial analysis

In Fig. 1 a contour plot of the MECS image is shown. The counts
in this image belong to pulse invariant gain-corrected spectral
channels 29–218 (∼1.7–10 keV). The data have been smoothed
with a gaussian ofσ = 1′. An extended source is clearly visible,

of extension larger than the PSF, and covering at least 8 optical
effective radii. The X-ray emission shows roughly the same po-
sition angle of the optical emission. The background subtracted
radial profile obtained from the MECS data over 1.7–10 keV is
plotted in Fig. 2.

The X-ray source extent needs to be estimated precisely, in
order to determine the size of the region from which to extract
the counts for the spectral analysis, and the estimate of the flux.
We consider the source boundary to be the point at which the to-
tal (i.e., source+background) X-ray surface brightness flattens
onto the background level. The background is estimated from
blank fields event files2, accumulated on five different pointings
of empty fields, and using extraction regions corresponding in
size and position to those of the source. In addition to the inspec-
tion of various surface brightness profiles (e.g., the azimuthally
averaged one, and also those along the major and minor axes),
the precise source extent was finally established also through the
requirement that within it the S/N of the background-subtracted
counts keeps at a high value, not much lower than that of the

2 This choice was motivated by the fact that at radii> 10′ the energy
dependent vignetting of the mirrors is not negligible. In the position
of the galaxy instead, i.e., on-axis within radii of10′, the vignetting
effect is negligible, well within the uncertainties in the profile.
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Fig. 2.Background subtracted azimuthally averaged surface brightness
profile obtained from the MECS data over1.7–10 keV). Also plotted is
the PSF of the MECS forE = 5 keV (dashed line), and the convolution
of the optical profile with the MECS PSFs calculated at the source
photon energies (solid line; see Sect. 4.1). One pixel size is8′′.

central regions of the galaxy. This produced an extraction re-
gion of an ellipse for the MECS data, of semimajor axis of8′

and semiminor axis of6′ (Table 2). The PSF of the LECS is
a strong function of energy, and it is broader than that of the
MECS below 1 keV, while it is similar to that of the MECS
above 2 keV.

A radius of8′ is suggested to encircle all the photons of soft
sources (http://www.sdc.asi.it/software/cookbook). This radius
turned out to be optimal in our case, satisfying both the require-
ment of being the radius at which the brightness profile flattens
onto the background level, and that of a high S/N. These dif-
ferent extraction regions for the LECS and the MECS images
encircle the same fraction of the source photons, in a given
band common to the two instruments, as verified later during
the spectral analysis.

Analyzing the ROSATPSPC image of NGC 3923, BC
detected a few foreground/background sources; those falling
within the extraction region are displayed in Fig. 1. The nature
of these sources is unknown. Sources called “1”, “NWa”, and
“NWb” by BC cannot be distinguished in the MECS image,
while this image looks quite aligned to the North-South due to
source “2”. By deriving the net counts in each one of four quad-
rants, obtained by dividing the ellipse in Fig. 1 with its major
and minor axes, it turns out that the quadrant comprising sources
“1”,”2”, and “NWb” has roughly 60±20 net counts more than
the average of the others. This is a contribution of∼ 14% to the
MECS net counts. The quadrant with source “NWa” shows no
significant net counts enhancement. By inspecting the surface
brightness profile in a stripe across source “2”, a contribution of

∼ 16 net counts is estimated from this source; this is likely to be
responsible for the jump at a radius of260′′ in the azimuthally
averaged surface brightness profile of Fig. 2. Further implica-
tions coming from the presence of these sources for the spectral
analysis are discussed in Sect. 4.

3.2. Spectral analysis

Within the source regions determined as described above, we ob-
tained the net count rates given in Table 2, and finally extracted
the LECS and MECS spectra. Spectral channels covering the
energy ranges 0.3–10 keV, and 1.7–10 keV respectively for the
LECS and MECS have been used. The original channels have
been grouped into larger bins, adequately filled for applicability
of theχ2 statistic to assess the goodness of a fit (Cash 1979).
The data have been compared to models, convolved with the
instrumental and mirror responses, using theχ2 minimization
method. The spectral response matrices released in September
1997 have been used in the fitting process. We fitted the models
simultaneously to the LECS and MECS spectral data.

Given the discussion of Sect. 1, the basic models used for the
fits are the bremsstrahlung model, and two models describing
the thermal emission of an optically thin hot plasma, both from
continuum and lines: the standard Raymond-Smith model (here-
after R-S, Raymond & Smith 1977), and the MEKAL model.
The latter is a modification of the original MEKA model (Kaas-
tra & Mewe 1993) where the Fe-L shell transitions have been
recalculated recently according to the prescriptions of Liedahl
et al. (1995). The abundance ratios of the heavy elements cannot
be constrained by the modeling, because of the poor statistics.
So, we assume that the abundance ratios are solar, as accu-
rately determined by Matsushita et al. (1998) for the ISM of
the X-ray bright galaxy NGC 4636, using a very longASCA
exposure. The solar abundances are those given by Feldman
(1992; e.g., the abundance of iron relative to hydrogen is 3.24
10−5 by number, also known as meteoritic abundance). The
models are modified by photoelectric absorption of the X-ray
photons due to intervening cold gas along the line of sight, of
column densityNH ; we take absorption cross sections accord-
ing to Balucínska-Church & McCammon (1992). The results of
the spectral analysis are presented in Tables 3 and 4.

3.2.1. One-component models

We first tried to fit one-component models to the data (Table 3).
The probabilities of exceeding the reducedχ2

min are quite low
(they range from 0.1 to 0.2) but the fits are formally acceptable.
At the best fitNH tends to be lower than the Galactic value; the
fits are not worsened significantly when keepingNH fixed at
the Galactic value. All the one-component models give fits of
comparable quality, and a temperature around 3 keV.

The abundance at the best fit is extremely low, both for the
MEKAL and the R-S models, but it is just constrained to be
< (2–3) Z� by the data. So, we have also performed some fits
with the abundance fixed at the solar value. These findings are
in partial agreement with those obtained fromASCA-SIS data
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Table 3.One-component spectral fits

Model 10−20NH
a kT Z χ2 ν b χ2/ν

(cm−2) (keV) (Z�)

Bremsstrahlung 1. 2.9 (2.0–5.4) 29.1 24 1.2
6.4 3.1 (2.0–5.3) 33.1 25 1.3

R-S 1. 3.2 (2.1–5.4) 0. (0.–1.8) 28.9 23 1.3
1. 3.0 (2.2–4.4) 1.0 (fixed) 30.2 24 1.3
6.4 3.4 (2.0–5.4) 0.02 (0.–2.2) 33.0 24 1.4
6.4 3.0 (2.1–4.3) 1.0 (fixed) 34.0 25 1.4

MEKAL 1. 3.2 (2.1–5.3) 0.07 (0.–1.8) 29.0 23 1.3
1. 3.1 (2.2–4.0) 1.0 (fixed) 30.1 24 1.3
6.4 3.4 (2.0–5.4) 0.05 (0–2.6) 33.2 24 1.4
6.4 3.0 (2.1–4.3) 1.0 (fixed) 33.9 25 1.4

Cooling 1. 5.7 (3.4–9.6) 0.45 (> 0.02) 21.6 23 0.9
flowc 1. 4.7 (2.9–7.5) 1.0 (fixed) 22.3 24 0.9

6.4 4.6 (2.9–7.5) 0.60 (> 0.05) 24.8 24 1.0
6.4 4.6 (2.9–7.5) 1.0 (fixed) 25.0 25 1.0

a When in this columnNH = 6.4 × 1020 cm−2, it has been kept at this value (the Galactic one) during the fit. WhenNH is a free parameter of
the fit, it is constrained to lie in the interval1020 − 1021 cm−2, and its “best fit” value always turns out to be the lower boundary of the interval.
b Number of degrees of freedom in the fit.
c In this casekT in the third column gives the maximum temperature from which the gas is cooling.

The ranges of values between parentheses indicate the 90% confidence range of variation for one interesting parameter.

Table 4.Two-component spectral fits

Model1 Model2 10−20Na
H kT1 kT2 Z νb χ2/ν F1(0.5-4.5 keV) F2 (0.5-4.5 keV) F1(0.5-10 keV) F2(0.5-10 keV)

(cm−2) (keV) (keV) (Z�) (10−13erg cm−2s−1) (10−13erg cm−2s−1) (10−13erg cm−2s−1) (10−13erg cm−2s−1)

R-S Brems. 6.4 0.44 (0.27–0.71) 7.9 (> 3.6) 0.06 (> 0) 22 0.55 4.2 (0.1–15) 3.9 (2.8–5.7) 4.2 (0.1–15) 6.0 (4.4–9.0)

MEKAL Brems. 10 0.40 (0.26–0.79) 7.5 (> 3.6) 0.08 (> 0) 21 0.58 4.4 (0.3–22) 3.8 (2.7–5.5) 4.4 (0.3–22) 6.0 (4.2–8.7)
2.8 0.45 (0.25–0.75) 6.4 (> 3.3) 1.0 (fixed) 22 0.58 3.4 (1.4–11) 4.4 (3.3–6.2) 3.4 (1.4–11.) 6.4 (4.9–9.1)
6.4 0.44 (0.26–0.69) 7.6 (> 3.6) 0.16 (> 0) 22 0.56 4.2 (0.1–18) 3.9 (2.8–5.8) 4.2 (1.7–7.6) 6.1 (4.4–9.0)
6.4 0.41 (0.26–0.67) 6.2 (3.7–20.0) 1.0 (fixed) 23 0.55 3.6 (1.7–7.6) 4.2 (3.2–5.8) 3.6 (1.7–7.6) 6.3 (4.7–8.9)

MEKAL MEKAL 2.8 0.43 (0.24–0.80) 5.0 (> 2.8) 1.0 (fixed) 22 0.69 3.2 (1.6–11) 4.5 (3.3–6.0) 3.2 (1.6–11) 6.5 (4.8–8.7)
6.4 0.43 (0.27–0.69) 7.8 (> 3.6) 0.10c (> 0) 21 0.58 4.3 (0.1–15) 3.9 (2.8–5.7) 4.3 (0.1–15) 6.1 (4.3–8.9)
6.4 0.39 (0.25–0.70) 4.8 (> 2.9) 1.0 (fixed) 23 0.66 3.4 (2.8–6.8) 4.4 (3.1–5.5) 3.4 (2.8–6.8) 6.3 (4.5–8.0)

a The same as in the notea to Table 3, except that here, whenNH is a free parameter, in two cases a true best fit value is found, and in the third
case the “best fit” value is actually the upper boundary of the interval allowed for the fitting.
b number of degrees of freedom of the fit.
c This is the abundance of the soft component; that of the hard component at the best fit is 0. (0.–1.6).

The ranges of values between parentheses indicate the 90% confidence limits on one interesting parameter.
The X-ray fluxes F in the (0.5–4.5) and (0.5–10) keV bands are absorbed.

over (0.5–5) keV by BF: when keepingNH fixed at the Galactic
value, the single-component MEKAL fit gives them an abun-
danceZ = 0.07 Z� close to that found by us, but a temperature
of only kT = 0.64 keV. This could reflect the different extrac-
tion regions used for the spectrum, if the emission is much softer
at the center; or could be the result of different spectral sensi-
tivities between theBeppoSAX-MECS and theASCA-SIS, from
which the best data come in the cases of the two satellites. The
spectral models derived fromASCAdata are mostly constrained
by the SIS data near 1 keV (BF), while those derived fromBep-
poSAXare mostly constrained by the MECS data at energies
above that region.

3.2.2. Multi-component models

We then tried to fit multi-temperature models, to check whether
the quality of the fits can be improved. Since the R-S model
gives results substantially equal to those given by the MEKAL
model, for these data, we give in the following only the results
obtained by using the more updated MEKAL model.

First we tried the fit with a cooling flow model, in which the
cooling is isobaric, and the emissivity is as described in John-
stone et al. (1992); this model is made by the superposition of
many thermal components, each described by a MEKAL model
at a certain temperature. The results are given in Table 3; the fits
are improved (the associated probability is 0.4–0.5). The upper



28 S. Pellegrini:BeppoSAXobservation of NGC 3923

Fig. 3. The LECS and MECS spectral data with the best fit MEKAL
+ bremsstrahlung model with solar abundance andNH fixed at the
Galactic value, shown with thinner lines, and the residuals from the fit.

temperature from which the gas cools is very high,∼ 4.7 keV;
this is also the temperature at which the emission measure peaks
(the emission-weighted temperature is somewhat lower). This
modeling reveals that hard emission is present at a significant
level, so that the distribution of the temperatures is forced to
extend to high values (“high” for the temperatures expected in a
galaxy cooling flow). The upper temperature values found here
are higher than that given by BF (kTmax = 1.13 keV) for a fit
with the same model, withNH fixed at the Galactic value, and
Z = 0.11 Z� resulting from the fit. The reasons for this dis-
crepancy are likely the same given above for the one-component
case.

In agreement with BF we find that the abundance at the best
fit (0.6 Z�) is raised with respect to that obtained from the one
component MEKAL fit.

Then we tried the coupling of two thermal components
(MEKAL+bremsstrahlung, and MEKAL+MEKAL) with the
sameNH (Table 4). The quality of the fits is much improved
now, and the probability of exceedingχ2

min is very large (> 0.9).
As before, allowingNH to be free does not significantly improve
the fits; whenZ is fixed at 1Z�, NH at the best fit is reason-
ably close to the Galactic value. In Fig. 3 we show the LECS
and MECS data together with the two-component model which
gives the best fit. More in detail, the results obtained by fitting
with two thermal components are as follows:

a) MEKAL + bremsstrahlung models: the first turns out to de-
scribe a soft component, of temperaturekTs≈0.4 keV, and the
second describes a hard component of temperaturekTh between
6.2 and 7.6 keV.kTh is higher for a lower metallicity of the soft
component. The abundance of the soft component is again very
subsolar at the best fit (0.16Z�), and not constrained by the
data.

b) Two MEKAL components: the results are similar. The abun-
dance of the hard component turns out to be practically zero
at the best fit; that of the soft component is also very low (0.1

Z�), but againZ is just constrained to be> 0. At the best fit
the temperatures arekTs around 0.4 keV andkTh around 5 or
8 keV, depending on the abundance, fixed at the solar value or
allowed to vary freely respectively. As before the temperature
of the hard component is higher for a lower metallicity, but the
effect is more pronounced now. In this kind of fit BF find tem-
peratures close to ours (kTs=0.55 keV, andkTh=4.2 keV), but
Z = 2.0 Z� (> 0.1 Z� at 90% confidence), withNH kept at
the Galactic value3.

Summarizing, all the two-component models givekTs around
0.4 keV, andkTh around 6–8 keV, except when the hard com-
ponent is described by a MEKAL model with solar abundance
(thenkTh≈ 5 keV). The latter case is also the one giving the
worst fit among all the two-component models (P = 0.85).
Heavy element abundances at the best fit tend to be very subso-
lar, except for the cooling flow model. The effect of imposing an
abundance higher than that at the best fit is to produce a lower
temperature of the hard component. This effect is particularly
pronounced when fitting with two components (respectively
kTh decreases of∼ 1.5 to ∼ 3 keV, using the bremsstrahlung
and the MEKAL model for the hard component).

3.3. X-ray fluxes and luminosities

In Table 4 the absorbed fluxes in the (0.5–4.5) and (0.5–10) keV
bands are given; unabsorbed fluxes are about 30% higher for
the soft component, and 5 to 9% higher for the hard one, de-
pending on the band. An average best fit value of the total ab-
sorbed fluxF (0.5–4.5 keV) is∼ 8 × 10−13 erg cm−2 s−1, and
F (0.5–10 keV) ∼ 10−12 erg cm−2 s−1. The ratio between the
absorbed fluxes in the soft and in the hard components in the
(0.5–4.5) keV band is∼ 0.93, close to the value of 0.99 found
by BF in the (0.5–5) keV band. This ratio actually is∼ 0.8
whenZ is kept at1 Z� (andkTh∼ 6 keV), and∼ 1.1 when
Z ∼ 0 (kTh∼ 8 keV). An average value for the ratio between
the absorbed fluxes in the soft and in the hard component in
the (0.5–10) keV band is∼ 0.61. Again it is lower (i.e.,∼ 0.5)
whenZ is kept at1 Z�, and higher (∼ 0.7) whenZ is very sub-
solar. In the (0.5–4.5) keV band, the soft component unabsorbed
flux is 52% of the total, while the hard component amounts to
∼ 57% of the total (0.5–10) keV unabsorbed flux.

Adopting the distance in Table 1, the fluxes can be con-
verted into the following values of the luminosities in the (0.5–
4.5) keV band: an average value of the soft component ab-
sorbed luminosity isLX = 7.8 × 1040 erg s−1 (unabsorbed
LX = 1.0× 1041 erg s−1), and of the hard component isLX =
8.2 × 1040 erg s−1 (unabsorbedLX = 8.9 × 1040 erg s−1).

3 As for the previous two-component fits, the first best fit value of the
abundance given by XSPEC is around solar, but an accurate exploration
of the parameter space finds the true minimumχ2 at a much lower
abundance value. This behavior is somewhat opposite to that found by
BF when fitting theASCA-SIS data, which could be explained by the
lower spectral sensitivity around 1 keV of theBeppoSAX-LECS.
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4. Discussion

4.1. Origin of the X-ray emission in NGC 3923

The spectral analysis over the (0.5–10) keV band showed that
the superposition of two thermal components ofkTs≈ 0.4 keV,
and kTh≈ 6–8 keV, is the most reasonable representation of
the spectral data. Whether the softer component is actually a
multi-temperature component, such as a cooling flow, cannot
be investigated with these data. Another caveat concerns the
hard component, because, as seen in Sect. 3.1, BC detected a
few point sources over theROSATPSPC image of NGC 3923.
Were all these sources background AGNs, they could harden
the spectrum of NGC 3923, and alter the estimate of the hard
flux from NGC 3923. Given the number counts involved (see
Sect. 3.1), the effects on the derived spectral parameters are ex-
pected to be within their uncertainties; in particular, there could
be a spuriuos increase in the hard flux of. 14%.

The value ofkTs suggests as origin of the soft emission
a hot gas, that comes from the accumulation of the stellar
mass loss during the galaxy lifetime. The value ofkTh is close
to that found for the hard emission of the lowLX/LB galaxy
NGC 4382, based onASCAdata (i.e.,∼ 6 keV; Kim et al. 1996).
Following Fabbiano et al. (1992, 1994), these authors suggest
for the origin of the hard component the integrated emission
of LMXBs, an interpretation similar to that given for the X-
ray emission of the bulges of early-type spirals (see Sect. 1).
In fact the spectra of LMXBs can be described by a thermal
bremsstrahlung model withkT ∼ 5 keV (van Paradijs 1998),
the spectrum of M31 can be fitted by bremsstrahlung emission
at a temperaturekT > 3 keV (Fabbiano et al. 1987), and those
of bulge-dominated spirals can be fitted with bremsstrahlung at
kT & 5 keV (Makishima et al. 1989). We now examine more
in detail the suggested origins for the two components of the
X-ray emission of NGC 3923.

4.1.1. Origin of the soft component

How doeskTs compare with the possible average temperature
of a gas flow in NGC 3923? A simple estimate of the kinetic
temperature of the stars in NGC 3923 giveskT = µmpσ

2 =
0.36 keV, when using the central stellar velocity dispersion in
Table 1, andµ = 0.6. This is close tokTs found by the mod-
eling, i.e.,kTs=0.39–0.45 keV, with some room left for other
heating mechanisms in addition to the thermalization of the
stellar random motions. These are especially needed when con-
sidering that 0.36 keV is thecentraltemperature of the stars, and
that this decreases outward, whilekTs would be the emission-
weighted temperature of the hot gas. Possible heating mecha-
nisms are supernova heating (from type Ia supernovae, here-
after SNIa) and/or compressional heating operated by the grav-
itational field4. Compressional heating is produced when the

4 Compression can be operated also by an external medium, but this
has not been observed around NGC 3923. Another more exotic possi-
bility is Compton heating produced by accretion onto a supermassive
black hole at the galaxy center (Ciotti & Ostriker 1997).

hot ISM is in a global inflow. The amount of the emission in
the soft component (∼ 1041 erg s−1) is actually quite lower
than that typical of a global inflow, in a galaxy of an optical
luminosity as high as that of NGC 3923. For example, when
LB ≈ 2 × 1011L�, LX of many times1041 erg s−1 in the (0.5–
4.0) keV band, and hot gas masses5 of a few times1010M�,
are predicted by the steady state cooling flow models, for var-
ious combinations of dark matter and SNIa rates (e.g., Sarazin
& White 1987, Bertin & Toniazzo 1995). Besides eliminating
SNIa’s, various kinds of reductions of the highLX values in the
framework of the cooling flow scenario have been suggested: by
assuming, at fixedLB, reductions in the stellar mass loss rate, or
in the efficiency of its thermalization, or a higher efficiency of
thermal instabilities in the hot gas (Sarazin & Ashe 1989, Bertin
& Toniazzo 1995), or by including the effect of the rotation of
the galaxy (Brighenti & Mathews 1996), or of a lower abun-
dance (Irwin & Sarazin 1998). None of these effects has proved
to be able to reduceLX by a large factor.LX up to1041 erg s−1,
and gas temperatures higher than the stellar kinetic tempera-
tures, are instead predicted for a galaxy like NGC 3923 from
a gas that is experiencing an outflow or a partial wind; these
can be driven by SNIa explosions at a rate comparable to the
most recent optical estimates of Cappellaro et al. (1997) (Pelle-
grini & Fabbiano 1994, Pellegrini & Ciotti 1998). In addition,
within this framework, global energy considerations and two-
dimensional simulations showed that in general the flattening
of the galaxy favors the loss of gas, while rotation has a minor
role (Ciotti & Pellegrini 1996; D’Ercole & Ciotti 1998). This
could be an explanation for the absence of a global inflow in
NGC 3923, which is a considerably flat galaxy with no rotation
(Sect. 2). A detailed modeling of the structure of NGC 3923,
and hydrodynamical simulations of the hot gas behavior spe-
cific for this galaxy, are required for a definite answer about the
gas flow state. There is a potential problem with a scenario that
involves a substantial heating from SNIa’s. The abundance of
the soft component is not constrained by theBeppoSAXdata for
NGC 3923, but is extremely low at the best fit. Low abundances
for the hot gas are not expected in presence of SNIa explosions,
yet they have almost always resulted also from the analysis of
ASCAdata; there seems even to be a trend of decreasing abun-
dances with decreasingLX/LB (Matsushita 1998). An unsolved
puzzle is represented at present by the discrepancy between the
low hot gas abundances and the abundances in the stellar mass
loss which feeds the gas (but this discrepancy is narrowing for
an increasing number of galaxies, after accurate re-analyses;
Matsushita 1998, BF, Buote 1998), eventually further increased
by the metals in the ejecta of SNIa’s, which are seen to explode

5 The precise amount of hot gas can be calculated when the emis-
sivity profile is known (i.e, in the hypothesis of spherical symmetry,
ε(r) = Λ(T, Z) n(r)2, wherer is the spatial radius,Λ is the cooling
function andn the gas density), and this requires an accurate surface
brightness profile, temperature profile, and abundance estimate, for
the hot gas. Under the hypotheses of solar abundance, isothermality,
and a standardβ-model for the hot gas distribution (CFT), one has
Mgas = 5.0 × 109

√
LX/1041 = 5.0 × 109M� for NGC 3923. This

is estimated to be accurate to factors of 2–4.
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in E/S0s. Various solutions have been suggested (Arimoto et
al. 1997, Fujita et al. 1996), but none has been recognized as
the final one yet. We note that in NGC 3923 the stellar central
iron abundance is [Fe/H]=0.2, or 1.6 solar, and that the mean
abundance is likely a factor of 2 lower (the central Mg2 value,
from Faber et al. 1989, has been converted into central and aver-
age stellar iron abundance following the detailed prescriptions
of Arimoto et al. 1997). If we adopt the abundance value of
Z = 2.0 Z� for the hot gas found by BF (Sect. 3.2.2), in this
galaxy there is room for enrichment by SNIa’s exploding at the
rate of Cappellaro et al. (1997).

Another possibility to explain the gas mass content of
NGC 3923 is that a substantial amount of hot ISM was lost
as a consequence of the episod of interaction or merger which
is at the origin of the system of shells shown in the optical.
Actually, the very detailed modeling of the shell formation that
has been made for this galaxy, plus observations of the galaxy
colors and ISM content at other wavelengths (see Sect. 2), es-
tablished that the interaction or merger involved a small galaxy,
devoid of gas, and that significative star formation (in the form
of a starburst with supernova explosions that could have heated
the gas) did not take place. It could be, though, that the gas flow
is very sensitive to perturbations in the potential, and that even
small perturbations can help a significant portion of the hot ISM
to escape the galaxy. Numerical simulations are needed to test
whether this was the case for NGC 3923.

4.1.2. Origin of the hard component

kTh is in good agreement with that of bulge-dominated spirals;
what about the amount of the hard emission in NGC 3923? CFT
had estimated the luminosity of the integrated contribution of
LMXBs in the (0.5–4.5) keV band (Ldscr) by scaling it from
the emission of the bulge of M31. By assuming a linear relation
with LB, they had obtained logLdscr = 29.6 + logLB, where
LB is in L�, and had estimatedLdscr for any given galaxy to
scatter by about a factor of 3 about this relation, since this is
the observed scatter in the X-ray to optical luminosity ratio for
subclasses of spiral galaxies. This relation has been recently
confirmed (both in shape and normalization) usingASCAdata
by Matsumoto et al. (1997). The present analysis gives, in the
(0.5–4.5) keV band, log(LX,hard/LB) ≈ 29.65, i.e.,LX,hard

is close to the value predicted forLdscr by CFT (it is just 12%
higher, so well within the quoted uncertainties). An interpreta-
tion in terms of stellar sources of the hard emission can be judged
also by inspecting Fig. 2, where the MECS surface brightness
profile is compared with the distribution of optical light. The
V-band profile of NGC 3923 has been derived from Kodaira
et al. (1990); since this extends out to a radius of262′′, it has
been extrapolated out to the radius of the X-ray emission with a
fit. The optical profile has then been convolved with the MECS
response, appropriate for the distribution of the counts in the dif-
ferent energy channels. A good agreement between the profile
over (1.7–10) keV and the convolved optical profile is found,
which would support the hypothesis of the origin of the hard
emission in stellar sources. We note here that, consistently with

the finding of an amount of hard emission 12% larger than the
predictedLdscr, and with the estimate of a possible spurious
contribution up to 14% of the MECS counts from hard fore-
ground/background sources, some excess of hard emission is
also shown by the X-ray profile, with respect to the convolved
stellar profile, at radii& 260′′, i.e., for R > 5Re (the excess
at 260′′ is likely due to a foreground/background source, see
Sect. 3.1). We cannot give a great significance to the detailed
shape of the X-ray profile, because of the MECS moderate spa-
tial resolution (Sect. 1); we just note that this hard excess can-
not be produced by hot gas, neither belonging to the galaxy (at
kTs=0.4 keV), nor to a possible intragroup medium, because
the low value of the velocity dispersion of the group (Sect. 2)
corresponds to a kinetic temperature that is even lower thankTs.
An X-ray profile of NGC 3923 with a superior spatial resolu-
tion has been derived in the softROSATband (0.4–2) keV by
BC. For radii> 10′′ this is in good agreement with the de Vau-
couleurs extrapolation of the R-band profile within103′′, while
it is flatter than the optical one for radii< 10′′. BC conclude that
not all the hard emission is to be attributed to stellar sources,
while some fraction of it could come from another phase of the
hot gas. In line with the modeling done to interpret theROSAT
data of another galaxy which showed an X-ray profile centrally
flatter than the optical one (NGC 4365; Pellegrini & Fabbiano
1994), we suggest the possibility that the hot gas has quite an
extended distribution in the central regions, i.e., flatter than the
optical one within 10 arcsec (consistently with what can be de-
rived also by theBeppoSAXdata, BC estimate that just 35% of
the total 0.4–2 keV emission is due to a hard component; so this
cannot fully determine the total shape). The hypothesis of some
peculiarities in the hot gas distribution can be supported also by
the consideration of the past galaxy history, where a merging
occurred.

4.2. The nature of the X-ray emission in medium
and lowLX/LB galaxies

A fundamental diagnostic of the X-ray emission from early-type
galaxies is theLX–LB plane. The large scatter inLX of more
than two orders of magnitude at fixedLB shown by this plane is
not an artifact of distance errors [see Pellegrini & Ciotti (1998)
for a more detailed discussion]. The explanation of this scatter
is a largely varying quantity of hot gas within the galaxies (e.g.,
Matsumoto et al. 1997), but it is still a controversial issue how
these variations are established. Are they fundamentally a conse-
quence of environmental differences, or of different dynamical
phases for the hot gas flows (provided that it was not possible
to reproduce the observed scatter with various adjustments to
the cooling flow scenario, see Sect. 4.1.1)? The first hypothesis
can affect only galaxies in clusters or groups; actually this is
the case for the majority of E/S0s. Then accretion of external
gas can explain the extremely X-ray bright objects (Renzini et
al. 1993, Mathews & Brighenti 1998), while in the X-ray faint
ones the hot gaseous halos should have been stripped by am-
bient gas, if it is sufficiently dense, or in encounters with other
galaxies (White & Sarazin 1991). It is not clear yet whether the
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primary stripping agents would be other galaxies or the ambi-
ent gas. The effectiveness of the stripping by an ambient gas has
been explored theoretically, and it turned out to depend largely
on various factors (shape of the orbit, velocity and internal dy-
namics of the galaxy, density of the environment), for which
the observed range is wide (e.g., Portnoy et al. 1993). Observa-
tionally, evidence of stripping by the intracluster medium is the
famous plume shown by the hot halo of the Virgo elliptical M86.
ROSATthough showed that the sample of early-type galaxies
of the Coma cluster, that is richer than Virgo, has the same av-
erageLX/LB as that of Virgo (Dow & White 1995); but that
instead the X-ray luminosities are on average lower in the rich
cluster A2634 (Sakelliou & Merrifield 1998). In the Pegasus I
group and in the poor cluster Cancer A, where a medium has
been detected, the X-ray image shows also many clumps that
could be the X-ray halos from individual galaxies with a ‘nor-
mal’ LX/LB (Trinchieri et al. 1997). For what is concerning the
interactions among galaxies, observationally there is an indica-
tion that lowerLX/LB galaxies occur across the whole range of
galaxy densities, while the higherLX/LB ones are mostly con-
fined at low densities (Mackie & Fabbiano 1997). Theoretically,
galaxy interactions could produce some scatter inLX/LB as fol-
lows: group-dominant ellipticals may acquire dark matter and
hot gas by mergers or tidal interactions early in their evolution,
and then become very X-ray bright; the other E/S0s, in which
the gas is in a global inflow, may be tidally truncated in their
dark matter and hot gas halo, at different radii, and so end up
with different sizes and differentLX/LB (Mathews & Brighenti
1998). The problems with explaining theLX/LB plane only with
environmental factors are that: 1) low or mediumLX/LB values
are also shown by galaxies that do not reside in a high density
medium [e.g., NGC 5866 (Pellegrini 1994), NGC 3923], and by
galaxies that reside in a region where the galaxy density is not
particularly high, and where also galaxies of highLX/LB are
found (Mackie & Fabbiano 1997); 2) the effect of merging
and tidal interaction on the hot gas flow (in various dynami-
cal states) is still quite conjectural, as is the evolution of the hot
gas in galaxies that undergo these phenomena. The only mod-
els available so far, those of Mathews & Brighenti (1998), are
not aimed at reproducing all theLX/LB variation, down to the
lowestLX/LB values observed (logLX/LB∼ −4, with LX and
LB in erg s−1), but stop at logLX/LB∼ −2.8. Probably it is not
possible to reproduce the lowestLX/LB values by simply trun-
cating global inflows, because one continues to obtain galaxies
quite rich in hot gas. We note here also that NGC 3923is a
group-dominant elliptical, but does not show a very large hot
gas content (logLX/LB ≈ −3.3).

The second way of explaining the scatter, through different
dynamical phases of the gas flows, regulated byinternalagents,
has the advantage of being ageneralexplanation, i.e., of apply-
ing to all the galaxies, regardless of their environment (accretion
is always needed for the extremely X-ray bright galaxies). At
fixed LB, any of the flow phases 1 ranging from winds to sub-
sonic outflows to partial and global inflows, can be found at
the present epoch, depending on the various depths and shapes
of the potential well of the galaxies (Ciotti et al. 1991, Pelle-

grini & Ciotti 1998). In this way the large scatter inLX is easily
accounted for: in the X-ray bright galaxies the soft X-ray emit-
ting gas dominates the emission, being in the inflow phase, that
resembles a cooling flow; in the X-ray faint galaxies the hard
stellar emission dominates, these being in the wind phase; in
intermediateLX/LB galaxies, the hot gas is in the outflow or
partial wind phase, and the amount of soft emission varies from
being comparable to that of the stars, to being dominating. In
this scenario a crucial role is played by the SNIa explosions, that
heat the flow in an extent sometimes large enough to drive all
or part of the gas out of the galaxies, and by the evolution of the
explosion rate6. Numerical simulations using the updated rate
given recently by Cappellaro et al. 1997, which is reduced with
respect to that used by Ciotti et al. (1991), show that the partial
wind phase is the most frequent, and that a large scatter in the
stagnation radius corresponds to a large scatter in the amount
of hot gas (Pellegrini & Ciotti 1998). The problem with this
scenario is represented by the puzzle of the extremely low hot
gas iron abundances revealed byASCA(Sect. 4.1.1).

5. Conclusions

We have analysed the X-ray properties of the E4 galaxy
NGC 3923 over the energy range (0.5–10) keV, usingBeppoSAX
data. Our findings are as follows.

1. The superposition of two thermal components ofkTs≈
0.4 keV, andkTh≈ 6–8 keV, is the most reasonable rep-
resentation of the spectral data. The heavy element abun-
dances cannot be constrained due to the uncertainties in the
spectral data; at the best fit they are very subsolar (except
for the cooling flow model), and much lower than the stellar
mean abundance.

2. The two components have roughly comparable fluxes in the
(0.5–4.5) keV band, while the hard component amounts to
∼ 3/5 of the total (0.5–10) keV flux.

3. The temperature of the softer component suggests as its
origin the emission of a hot gas, the origin of the hard com-
ponent is likely the integrated emission of LMXBs. In fact,
in addition to the spectral shape, also the amount of the hard
emission is consistent with that predicted for stellar sources
in NGC 3923.

4. kTs is close to the kinetic temperature of the stars in
NGC 3923, but some additional heating is needed. Since
LX is less than predicted by a steady state cooling flow
model, for a galaxy of an optical luminosity as high as that
of NGC 3923, it is suggested that a large fraction of the
stellar mass loss was removed by internal agents, such as
the heating of SNIa’s explosions, and that this process was
helped by the flat mass distribution of the galaxy. Another
possibility, that has to be explored with numerical simula-
tions, is that a substantial amount of hot gas was lost as a
consequence of the episod of interaction or merger, with a

6 The hot gas can be expelled from the galaxies also when a central
massive black hole is present, because the gas flows are found to be
unstable due to Compton heating (Ciotti & Ostriker 1997).
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much smaller galaxy, which gave origin to the system of
shells visible in the optical.

5. The origin of the X-ray emission in galaxies of low and
mediumLX/LB is finally reviewed. The detailed study of
these galaxies is crucial to establish which factor plays the
major role in lowering the amount of hot gas, and so to ex-
plain the large scatter in theLX/LB plane. Is this factor to
be linked to external agents, as stripping by ambient gas or
interactions with other galaxies, or to internal heating mech-
anisms, such as SNIa explosions or accreting supermassive
black holes? The galaxy discussed here is not surrounded
by a dense medium, so that ram pressure stripping cannot
be invoked; but galaxy interactions clearly took place, and
so cannot be excluded as causes of the loss of hot gas. In
general, since many other low and mediumLX/LB galaxies
reside in small groups, in which the density of the environ-
ment is presumably low or very low, it is concluded that the
most effective mechanism, in order to explain theLX/LB of
these galaxies always with environmental effects, must be
galaxy interactions. But it is remarked that in general low or
mediumLX/LB values are also shown by galaxies that re-
side in a region where the galaxy density is not particularly
high, and where also galaxies of highLX/LB are found.

6. Another result emerged here is that NGC 3923 is the dom-
inant elliptical of its group, but has just a medium value of
LX/LB. So, an optically dominant galaxy does not always
have a high hot gas content.

NGC 3923 also belongs to a program of investigating the nature
of the X-ray emission in flat galaxies with very well known
internal kinematics and photometry (see Pellegrini et al. 1997),
for which the mass profile can be derived with accuracy. Two-
dimensional numerical simulations are in program to study in
detail the hot gas evolution in these galaxies, including the effect
of galaxy interactions for this particular case.
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