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ABSTRACT

X-ray observations of the broad-line radio galaxy 3C 382 were carried out with EXOSAT on many
occasions (>20) between 1983 and 1985. Low and Medium Energy (LE and ME) spectra of this source were
obtained from the EXOSAT data base. The hard X-ray luminosity light curve of 3C 382 which was consti-
tuted from Ariel V, HEAO 1, Einstein, EXOSAT, and Ginga observations between 1975 and 1989, shows a
major outburst of this galaxy in 1985 during EXOSAT observations. During the outburst, both the LE and
ME count rates displayed dramatic variations (maximum to minimum variations were ~120% and ~110%
in the LE and ME bands, respectively, with different rise/decay time scales). Also, both the LE and ME light
curves contain a prominent dip about halfway through. Although the variability of the LE and ME count
rates was correlated, but the ME spectral slope was roughly constant (~1.7 £+ 0.1) and the LE spectral slope
varied in correlation with the LE count rate, with the soft excess and with the softness ratio of the source.
Correlated variability was also observed between the LE count rate and the softness ratio of 3C 382 during
the outburst. Spectra of this galaxy show the presence of an emission line at 6.2 + 0.6 keV which may be due
to fluorescence of cold iron around the central continuum source. The equivalent width of this line, which
ranges between 100 and 1100 eV, did not vary during EXOSAT observations. The significance of these results

is discussed.

Subject headings: galaxies: individual (3C 382) — galaxies: Seyfert —
radiation mechanisms: bremsstrahlung — X-rays: galaxies

1. INTRODUCTION

Optical and ultraviolet observations of 3C 382 (V = 15.39;
M, = —224)displayed the presence of narrow and very broad
variable emission lines (Osterbrock et al. 1975, 1976; Tadhun-
ter, Perez, & Fosbury 1986; Yee & Oke 1978, 1981; Reichert et
al. 1985). Ultraviolet (Osterbrock et al. 1976; Yee & Oke 1978)
and infrared excesses (O’Dell et al. 1978; Puschell 1981) are
- present in the continuum energy distribution of this galaxy. It
is a strong radio source with double radio lobes (MacDonald,
Kenderdine, & Neville 1968; Riley & Branson 1973; Burch
1979; Parma et al. 1986; Preuss & Fosbury 1983; Storm,
Willis, & Wilson 1978). Prior to EXOSAT, 3C 382 was
observed with Ariel V (Elvis et al. 1978), HEAO 1 A-2
(Marshall et al. 1979), HEAO 1 MC (Dower et al. 1980), and
Einstein (Petre et al. 1984; Urry et al. 1989) X-ray satellites.
This radio-loud galaxy was also observed with EXOSAT on
many occasions between 1983 and 1985, and recently it was
observed with Ginga in 1989 July (Kastra, Kunieda, & Awaki
1991). The hard X-ray light curve of 3C 382 (see Fig. 5 of
Kastra et al. 1991) shows a major outburst of this galaxy in
1985 during EXOSAT observations. Dramatic variations of
both the low- and high-energy X-ray fluxes were found in 3C
382 during its flare. A doubling time of the X-ray flux of 3 days
was detected from EXOSAT observations for this galaxy (Barr
& Mushotzky 1986). In this paper we present the results of the
spectral analysis of a large amount of EXOSAT data which
has never been published before.

2. OBSERVATIONS, SPECTRAL ANALYSIS, AND RESULTS

EXOSAT observations of 3C 382 were carried out on many
(>20) epochs between 1983 and 1985. Low (LE) and Medium
Energy (ME) detectors which were sensitive in the 0.1-2 keV

and 2-10 keV range, respectively, were used during the
EXOSAT observations. A log of observations of 3C 382 is
given in Table 1 with LE and ME count rates. In the present
analysis we have used 13 good-quality spectra, when all the
ME detectors were on, and we have excluded the spectra which
have shorter exposures and poor signal-to-noise ratio. White
& Peacock (1988) have described the EXOSAT instrumen-
tation in detail. Details of the LE and ME detectors have been
described by de Korte et al. (1981) and Turner, Smith, & Zim-
mermann (1981), respectively. LE data were obtained by using
Lexan 3000 (LX3), aluminum/Parylene (Al/P) and boron (B)
filters, ME data were collected from the eight argon-filled pro-
portional counters (detectors) which were divided into two
halves (detectors 1-4 and 5-8 are called half 1 and half 2,
respectively). These two halves can be either aligned to the
pointing axis or offset by 2° to monitor the background.
Background-subtracted LE and ME spectra of 3C 382 were
obtained from the EXOSAT data base. Observed LE and ME
count rates are plotted in Figure 1. This figure shows the dra-
matic variations of the LE and ME count rates of this galaxy
during its major outburst (see Fig. 5 of Kastra et al. 1991). In
the next section, we will discuss in detail these remarkable
variations of the LE and ME light curves.

Spectral analysis of the ME and LE + ME spectra were
carried out using the XSPEC (X-ray Spectral Fitting) software
package. ME spectra were fitted using a power
law + absorption model (the interstellar absorption cross sec-
tions were obtained from Morrison & McCammon 1983), and
the results of the spectral fits are given in Table 2A (model 1).
Errors denote 90% errors for one interesting parameter which
were computed following the procedure given by Lampton,
Margon, & Bower (1976) (x2;, + 4.61 for two free parameters).
Since model 1 yields a low hydrogen column density (Ny), we
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TABLE 1
LoG oF OBSERVATION OF THE LE AND ME SPECTRA AND COUNT RATES oF 3C 382

GHOSH & SOUNDARARAJAPERUMAL

LE Count Rate (LX3)

ME Count Rate®

Start Time* End Time® (107*cm~2s71) 1073 cm~%s7Y)
1983, 255, 03:16 ...... 255,09:10 3.76 + 0.21 2.73 + 0.06
1984, 130, 19:24 ...... 130, 22:58 8.07 + 0.60 485+ 0.14
1985, 109, 07:20 ...... 109, 11:03 4.09 + 0.31 2.57 £ 0.10
1985, 109, 23:28 ...... 110, 03:11 4.09 + 0.31 2.51 +0.09
1985, 116, 17:50 ...... 117, 00:18 4.13 + 0.40 236 +0.11
1985, 117, 16:27 ...... 117, 21:29 4.13 + 0.40 225 + 0.06
1985, 147,01:46 ...... 147, 05:10 5.05 + 046 3.31 £ 0.07
1985, 153, 13:10 ...... 153, 16:50 6.90 + 0.58 4.12 + 0.07
1985, 161, 05:50 ...... 161, 11:45 6.49 + 0.55 3.61 + 0.05
1985, 171, 21:05 ...... 172, 01:56 6.77 + 0.39 4.28 + 0.06
1985, 178, 05:40 ...... 178, 12:01 6.47 + 042 397 +£0.14
1985, 195, 05:01 ...... 195, 07:30 7.08 + 0.40 4.38 + 0.08
1985, 204, 21:26 ...... 204, 23:10 4.23 + 0.36 328 +0.15
1985, 211, 21:29 ...... 212, 09:20 6.21 + 0.39 3.44 + 0.05
1985, 223, 16:00 ...... 223, 18:49 7.51 £ 0.52 3.67 + 0.07
1985, 233, 10:36 ...... 233, 13:15 7.85 + 0.50 4.81 + 0.08
1985, 246, 19:36 ...... 247, 00:50 8.17 + 0.49 4.52 + 0.06
1985, 256, 13:12 ...... 256, 19:26 8.57 + 0.50 4.13 + 0.06
1985, 273,03:44 ...... 273, 09:39 897 + 0.52 4.69 + 0.12

Vol. 389

# Format: year, day, hour:minutes.
® Format: day, hour:minutes.

¢ ME count rates are for PHA channels 1-35 corresponding to the energy range of 1-10

keV with the best signal-to-noise ratio.

fix the column density to the Galactic Ny value (7.4 x 102°
cm "~ ?; Stark et al 1992). This value of Ny, is also consistent with
the fact that a high-luminosity Seyfert galaxy such as 3C 382
suffers little from internal absorption (Mushotzky 1984).
However, absorption was detected in this galaxy from Einstein
data (99% lower and upper limit values of Ny were 7 times
smaller and larger than the Galactic Ny value, respectively;
Kruper, Urry, & Canizares 1990). Fit parameters of model 2
are given in Table 2B. ME spectral indices are plotted in
Figures 2 and 3 against the date of observations and the ME
count rate, respectively. From Table 2B and Figures 2 and 3 it
is evident that the hard spectral slope (I') of 3C 382 did not
vary (with time or count rate) during the major outburst of this
galaxy. Average value of I" of 3C 382 is around 1.7 (see Figs. 2
and 3), and this value of T is steeper than that obtained from
Ginga data (I' = 1.49 + 0.05; Kastra et al. 1991).
Power-law models with free (model 3) and fixed (model 4)
absorbing column density were used to fit the combined
LE + ME spectra of 3C 382, and the results are presented in
Tables 3A & 3B, respectively. The LE + ME spectrum of 3C

ME count rate

LE count rate
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F1G. 1.—Plot of the LE and ME count rates vs. the date of observations.
Note the remarkable dip in both the light curves about halfway through.

382 which was observed on 1985/246, is plotted in Figure 4
with the best-fit power-law model convolved through the detec-
tor response. The lower panel of this figure shows the residuals
between the model and the spectrum. Figures 5a—5c plot the
residuals of different dates, and these figures show the presence

ME spectral index
1.8
T T
]
;
H
Tt
——
—
|
1
!
—H—
|
1]
]
i
;
P
1
—+-
]
——
i
1 1

1.6

| B T L 1 I L L 1 1 L 11 L 1 L L L 1

1985.3 1985.4 1985.5 1985.6 1985.7
Year

FiG. 2—ME spectral index plotted against the date of observations. .
Dashed line shows the average value of the spectral index.
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F1G. 3.—Same as Fig. 2 but for ME count rate
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TABLE 2A TABLE 3A
MODEL 1: POWER LAW + ABSORPTION FiTs TO THE ME SPECTRA MopEL 3: POWER LAW + ABSORPTION FITS TO THE
LE + ME SPECTRA
Date
(vear/day) rs N® Ng® 224 Date

a b c 2d
1983/255 ........ 164%918 6157197  0<22 080 (year/day) r N Nu xr
1985/116 ......... 1.83 745 850 094 1983/255 ......... 1657885  628X38  41Iif 079
1985/117 ......... 1957924 941%438  91*s8 1381 1985/116 ......... 1851048 7651183 5681355 090
1985/147 ......... 1.71+9:20 879338  0<8 099 1985/117 ......... 1.6623:23 5701835 3A1Ipgs 193
1985/153 ......... 1733396 1077+39%  0<38 096 1985/147 ......... 1621008 7.591038 340113 098
1985/161 ......... 1887043 1222%282  0<70 132 1985/153 ......... L7578:87  11.05I158 4237557 094
1985/171 ......... 1667992 10097439 0<20 087 1985/161 ......... L7680 997183 404133 137
1985/195 ......... 1641399 9917179 0<22 133 1985/171 ......... 1672586 1031358 3662333 085
1985211 ......... 1481996 6307365 0<12 098 1985/195 ......... 1662505 10097153 325587 130
1985/223 ......... 1837015 10.68*288  0<35  LI19 1985211 ......... 1487007 (351058 154+0.53 (96
1985/233 ......... 1847160 1479%485 0 <49 121 1985/223 ......... 1847098 1095t1d4 4027123 115
1985/246 ......... 165998 1058309 0<12 093 1985/233 ......... 1837098 1454%146 5607160 117
1985/256 ......... 1677008 985%138 019 062 1985/246 ......... 1661895 10751835  2.89*%% 092

1985/256 ......... 1677996 999*0.78  46+063 (060 .

* Photon index.

b Normalization in 103 photonscm~2s~ ' keV ! at 1 keV.
° Column density in 102° cm ™2,

4 For 32 degrees of freedom.

TABLE 2B

MODEL 2: POWER LAW + FIXED ABSORPTION®
Fi1Ts To THE ME SPECTRA

Date

(year/day) e N¢ x4
1983/255 .......... 1.6679:93 6.421+5:7% 0.81
1985/116.......... 1.8619:17 772178 095
1985/117 .......... 167139 583103 1.92
1985/147 .......... 1.63%9:58 7.76+5:88 0.99
1985/153 .......... 1.76%3:97 11.28*%:92 0.96
1985/161 .......... 1.76%9:98 10.16%9:22 1.36
1985/171 .......... 1.69+5:92 10.565:72 0.87
1985/195 .......... 1.67+93:98 10371142 1.34
1985/211 .......... 1.50%9:52 6.5879:3% 1.00
1985/223 .......... 1.85%9:98 11195129 1.19
1985/233 .......... 1847397 14717135 122
1985/246 .......... 1.68+9:92 11.06%95:73 0.95
1985/256 .......... 1.6919:58 10.31%9:78 0.63

2 Fixed at the Galactic Ny value (7.4 x 10?° cm™2).

® Photon index.

° Normalization in 10~3 photons cm™2 s™! keV ™! at
1 keV.

4 For 33 degrees of freedom.

of soft excess in 3C 382. Soft excess values measured from the
residuals are given in Table 4. LE count rate versus soft excess
is plotted in Figure 6. It is evident from this figure that the soft
excess was variable and the variability was correlated with the
variations of the LE count rate (coefficient of the linear regres-
sion fit is 0.89 for 12 observations which means that the prob-
ability of the fit being random is ~0.05%). Also Figure 7 shows
that the soft excess is correlated with the softness ratio (LE
count rate/ME count rate) of the source (correlation coefficient
is 0.77 for 13 observations).

Fit parameters of model 3 (see Table 3A) show that the
values of Ny, for all the spectra, are smaller than the Galactic
Ny value. “Negative Ny, values imply a source spectrum with
more emission than the power-law prediction at low energies,

2 Photon index.

® Normalization in 10~3 photonscm 25~ keV ™! at 1 keV.
¢ Column density in 10%° cm ™2,

4 For 33 degrees of freedom.

i.e., a “soft excess” (Wilkes & Elvis 1987; Kruper et al. 1990).
Also it can be seen from the contour plots in Wilkes & Elvis
(1987) that forcing a column density in the presence of a soft
excess always steepens the spectral slope. This type of spectral
steepening is also present in 3C 382 which can be seen from the
comparison of the I" values between Tables 3A and 3B. In such
a situation, it is better to make a two-component fit to the
LE + ME data. Two power law (model 5), thermal bremss-
trahlung (model 6), and broken power-law (model 7) models
were used to fit to the LE + ME spectra of 3C 382. Since the
average value of the ME spectral index of this galaxy is
~1.7 + 0.10 (see Figs. 2 and 3), we have therefore fixed the
value of the hard component slope (for two-component fits)
with 1.7. Best-fit parameters of models 57 are given in Tables

1073
T

5x107*

LX3

Counts em™2 71 kev™'

1074

-107* 0

Residuals .

Counts em™2 57" kev™!

0.1 1
Channel Energy (keV)

F16. 4—Observed LE + ME spectrum of 3C 382 fitted with a simple
power law and fixed absorption model. Lower panel of the figure shows the
residual between the spectrum and the model.
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TABLE 3B
MODEL 4: POWER LAW + FixeD ABSORPTION® FiTs TO THE LE + ME SPECTRA
Frux? Ly®
DATE 0.1-2 2-10 0.1-2 2-10

(year/day) | N© (keV) (keV) (keV) (keV) x2f
1983/255 ......... 1.80%9:52 7.65%9:31 1.41 +0.08 2.77 £ 0.06 2.14 £ 0.12 4.21 +0.09 1.10
1985/116 ......... 1.93%3:% 8501339 1354+ 0.13 2.66 + 0.12 2.05 +0.19 4.04 + 0.18 092
1985/117 ......... 1.78 6.75 1.254+0.12 248 + 0.07 1.90 +0.18 3.77 £ 0.11 2.25
1985/147 ......... 1.73%9:97 8.8019:89 1.74 + 0.16 3.44 + 0.07 2.64 +0.24 523 +0.11 1.30
1985/153 ......... 1.8319:06 12.33%5:3% 2.16 +0.18 4.26 + 0.07 3.28 +0.27 6.48 + 0.11 1.18
1985/161 ......... 1.82%3:53 10.8219:79 1.93 +0.16 3.80 + 0.05 293 +0.24 5.78 + 0.08 1.67
1985/171 ......... 1.7919:93 12.03%9:33 2.22 +0.13 4.38 + 0.06 3.38 £ 0.20 6.66 + 0.09 1.54
1985/195 ......... 1.85195:9¢ 13.01%9:85 224 +0.13 4.43 1+ 0.08 341 +£0.20 6.73 + 0.12 1.96
1985/211 ......... 1.66 8.07 175 + 0.11 345+ 0.05 2.66 + 0.17 5.25 + 0.08 3.00
1985/223 ......... 1.9615:97 12.90*9:33 1.93 +0.13 3.80 + 0.07 2.94 + 0.20 5.78 + 0.11 1.54
1985/233 ......... 1.8919:5¢ 15.785:32 2.57 £ 0.16 5.08 + 0.09 391 +0.24 773 +£0.14 1.25
1985/246 ......... 1.77 12.54 235+ 0.14 4.65 + 0.06 3.57 +£0.21 7.07 £+ 0.09 2.16
1985/256 ......... 1.82 12.22 2.16 +0.13 4.26 + 0.06 3.29 +0.19 6.48 + 0.09 223

* Fixed at the Galactic Ny value (7.4 x 10?° cm™2).
® Photon index.

¢ Normalization in 10~ 3 photons cm ™25~ ' keV ™! at 1 keV.

9 Fluxin 10 ! ergscm ™25~ 1,
¢ Luminosity in 10** ergs s~ 1.
f For 34 degrees of freedom.

3C-3E, respectively. A two power law model fits well to the
data, but this model is insensitive to compute the error bars of
the fit parameters. A thermal bremsstrahlung model is not
acceptable because the y? values are greater than 2.0. However,
runs made with the broken power law model (break energy
fixed at 0.6 keV, following Wilkes et al. 1989) resulted in a
better fit. F-test results computed between this model (model 7)
and the power-law model (model 4) show that the inclusion of
the soft power-law (I';) component is highly significant
(>99.9%). Figure 8 shows the observed LE + ME spectrum

TABLE 3C

MopEL 5: Two POWER LAW® + FIXED ABSORPTION® FITS TO
THE LE + ME SPECTRA

Date

(vear/day) r,° N N,* peal
1983/255 ......... 391 0.51 6.69 0.80
1985/116 ......... 241 3.39 493 0.90
1985/117 ......... 490 0.32 6.04 1.88
1985/147 ......... 5.51 0.19 7.69 095
1985/153 ......... 3.59 1.69 10.60 091
1985/161 ......... 3411839 2.19%33s 9.02%9-49 1.38
1985/171 ......... 271 5.62 6.99 0.80
1985/195 ......... 476%32% 0.60*2:31 10.70%3:32 1.29
1985/211 ......... 571 0.26 7.44 1.16
1985/223 ......... 2941938 4.8512:0% 8.10“:‘1’;%2 1.15
1985/233 ......... 2281936 895521 7.00%297 1.16
1985/246 ......... 2724331 8.04%223 6171439 0.80
1985/256 ......... 4731327 1.0212:92 10.35%9:23 0.60

* T, fixed with 1.7.

® Fixed at the Galactic Ny, value (7.4 x 10?° cm™2).

¢ Photon index.

4 Normalization in 10~ 3 photonscm ™25~ ' keV ™! at 1 keV.
¢ For 34 degrees of freedom.

fitted with the broken power law model convolved through the
detector response. Residuals of the fit are shown in the lower
part of this figure. Now, no soft excesses can be seen in the
residuals of Figure 8. Soft spectral indices (obtained from the
broken power law fits) versus the softness ratio of 3C 382 are
plotted in Figure 9 which show that these two parameters are
correlated (correlation coefficient is 0.93 for 13 observations
which indicates that the fit is highly significant).

Recent results obtained from the EXOSAT and Ginga
(Nandra et al. 1989; Leighly et al. 1989; Singh, Rao, & Vahia

TABLE 3D

MODEL 6: THERMAL BREMSSTRAHLUNG + FIXED
ABsORPTION® F11s TO THE LE + ME SPECTRA

Date

(year/day) kT® N°© z2¢
1983/255 7.78 2.88 3.00
1985/116 4831543 4157198 140
1985/117 8.51 240 2.57
1985/147 993*231  299%945 190
1985/153 .......... 7.80 4.39 2.25
1985/161 .......... 7.89 3.89 2.52
1985/171 .......... 8.89 4.11 371
1985/195 .......... 177 4.58 4.38
1985/211 .......... 15.82 232 448
1985/223 .......... 6.03 4.84 332
1985/233 .......... 6.15 6.37 2.88
1985/246 .......... 9.67 4.11 4.49
1985/256 .......... 8.93 3.97 4.69

® Fixed at the Galactic N, value (7.4 x 10%° cm™2).

® Plasma temperature in keV.

¢ Normalization in 10~ 3 photons cm~2s~! keV~!at 1
keV.

¢ For 34 degrees of freedom.

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


http://adsabs.harvard.edu/abs/1992ApJ...389..179G

J. - -389. CI79G

]

rTI92A

No. 1, 1992 3C 382 183

-10™* 0 107*
_.l__J
}
manl
_A |
—10™* 0 107*
N
_'_: -
. g
T
—E:_ 1
-_ﬂ::_ 4
Lis

b 1983/255 E 1985/161

0.1 1 10 0.1 1 10

E =t T 11 ||
1985/116 J[l

—107% 0 107™*
T
F 1
T
S
=
1

1985(171.. . —'_lTl ld[lllrﬁl H ]

0.1 1 10

0.1 1 10

~10™* 0 107*

—-107* 0 107*
piLm
T
e
_—':;—
——
- —._—__.:T_ m
== 4
=
1

||
19.85./1.1?. E 1085195 = -]- J[fljrllﬂ

0.1 1 10

—10™* 0 107*
1
T

0.1 1 10

—2 - -2 - —1
-2 371 kev™! Counts em™2 57 keV™' Counts cm 2 g1 keV~! Counts cm = 87 keV

1985,/147

—10™* 0 107*

‘ 1985,/211
o AR

—10™* 0 107*
__._'_
—= J
—

=

L _:t.__-;._ J
'."‘% o

0.1 1 10

F 1985/153

Counts em™2 571 kev™! Counts cm™2 57! kev™' Counts em™2 57! kev™! Counts cm™2 57! keV~! Counts cm™2 57! kev™!

—10™* 0 107*
- __‘__

lI
____I
| |
— N

-

=
b
-=q-_ 4
o

1
Counts em™2 57" kev™! Counts cm
_'_.

—10™% 0 107*
T
- __'__
T
_—':. 4
=
E% :
L TN

~ . [ 1985/223
0.1 1 10 R R P
Channel Energy (keV) 0.1 1 10
. Channel Energy (ke
FI1G. 5a B 9y (keV)

FiG. 5b

- — — 1990; Ghosh & Soundararajaperumal 1991; Pounds et al.
|| 4 1989, 1990; Kastra et al. 1991) observations have provided

3 T lJ[ ][ E strong evidences for the presence of Fe K-shell emission and
= | Il absorption lines in the X-ray spectra of AGNs. Residuals of

[ J[ ﬂ H Figures 5a-5c also display the presence of an emission feature

I _— L ALIR 1'0' around 6.0 keV. Also an iron emission line has already been
' detected in the spectra of 3C 382, obtained from Ginga obser-
I vations (Kastra et al. 1991). We have therefore added a Gauss-
\ ian line feature (with a fixed line width of 0.1 keV and variable
- H } I] 3 line center energy) with the power-law model (model 4) and
: HE were fitted to the 3C 382 data. Best-fit parameters of this model
L 1085/248 MERREiL # 1 h (model 8) are given in Table 3F. F-test computations between
e M N S models 4 and 8 show that the inclusion of the Gaussian line is
01 ! highly significant (>99.9%). Average line center energy is best
estimated to be 6.2 + 0.6 keV and the equivalent width of this
line ranges between 100 and 1100 eV. Only statistical errors
have been considered to estimate the range of values of the
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TABLE 3E

MODEL 7: BROKEN POWER LAW?® + FIXED ABSORPTION®
Fi1s TO0 THE LE + ME SPECTRA

Date
(year/day) re N¢ x2e
1983/255 .......... 3041333 3887933 080
1985/116 .......... 3547046 2497193 095
1985/117 ... 3714932 2177918 187
1985/147 .......... 3301945 3727145 105

1985/153 .......... 3617938 394*117 098

1985/161 .......... 3761935 3267991 145
1985171 .......... 3461922 4357087 085
1985/195 .......... 3601926 405%97% 129

1985211 .......... 3921927 270790 172

1985/223 .......... 4175827 260%050 146
1985/233 .......... 3473931 5007314 145
1985/246 .......... 3843326 38006 094
1985/256 .......... 4217923 287104t 061

* I, fixed with 1.7. Break energy fixed at 0.6 keV.

® Fixed at the Galactic Ny value (7 x 102° cm ~2).

¢ Photon index.

4 Normalization in 10~ photons cm ™2 s ™! keV ! at
1keV.

¢ For 34 degrees of freedom.

shown in Figure 10. We also used the line absorption edge
component with model 8 to fit to the data, but there were no
improvements in y? statistics than that obtained from model 8.
We used the partial covering model to fit to the 3C 382 data,
but it did not result in a better fit.

3. DISCUSSION

3.1. Light Curve

Hard (2-10 keV) X-ray luminosities of 3C 382 which were
obtained from Ariel V (Elvis et al. 1978), HEAO 1 (Marshall et

JF

-

LE count rate (10™* ¢cm™2 sh
6
T

4
T

L 1 L L I 1 L I L L 1 L L 1 L

!
5 10 15
Soft excess (107° counts cm™2 s™! kev™ ")

F1G. 6—Plot of the soft excess vs. LE count rate. Correlated variability is
evident between these two parameters.

al. 1979; Dower et al. 1980; Mushotzky 1984), Einstein (Petre
et al. 1984; Urry et al. 1989), EXOSAT (see Table 3B), and
Ginga (Kastra et al. 1991) data show that there was a strong
outburst of this galaxy in 1985 during EXOSAT observations
(see Fig. 5 of Kastra et al. 1991). Light curves of the LE and
ME count rates during the outburst are plotted in Figure 1.
This figure shows that 3C 382 displayed dramatic variations of
the LE and ME count rates during the remarkable flare. The
maximum variability range is ~120% for the LE energy band
and ~110% for the ME energy band. These values of variabil-
ities correspond to maximum to minimum count rates (rise/
decay time scales are different for the LE and ME energy
bands). Close inspection of Figure 1 shows that both the light
curves contain a dip about halfway through, and the dip of the
ME light curve is relatively broader than that of the LE. This is
due to different rise time scales and amplitudes of variations of
the LE and ME count rates. Figure 11, which plots the LE
versus ME count rates, shows that the LE and ME variations
are correlated (correlation coefficient is 0.90 for 17 observa-

TABLE 3F
MODEL 8: POWER LAW + FIXED ABSORPTION + GAUSSIAN LINE Fits To THE LE + ME SPECTRA

Date

(year/day) | N°© E° Ey® EWf i
1983/255 ......... 185%996  7.92%932  545%332 1281363 2404120 081
1985/116 ......... 1987099 8647086 5627040 1327062 2804125 086
1985/117 ......... 1887008 7281030 56197 1312 2704255  1.87
1985/147 ......... 177+998  914%388  706+0-2  118*119 300+ 280 120
1985/153 ......... 1867097 1267t192  713*143  108*112  250+250 111
1985/161 ......... 1867396 11207378 5517985 076%9€% 165+ 135  1.60
1985/171 ......... 1827095 12417377 726%12%8  136*191 3104225 143
1985/195 ......... 187+098  1323*148 532050 079+062 115490 184
1985/211 ......... 1.78 9.11 6.54 2.35 740 + 410 243
1985/223 ......... 203+997 13367338 458794 135+080 254130 134
1985/233 ......... 1917996 1587*198  407ti44 0767191  60+60 112
1985/246 ........ 1847006 13417085 6767042 216*382 3704140 171
1985/256 ......... 1897097 12967938 6571340 1637073 315+ 145 182

* Fixed at the Galactic Ny, value (7.4 x 102° cm™2).

® Photon index.

© Normalization in 10~ 3 photonscm ™25~ keV~!at 1 keV.

4 Line energy in keV.

¢ Line intensity in 10~* photons cm ™
f Equivalent width in eV.

& For 32 degrees of freedom.

2s71,
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FiG. 7—Same as Fig. 6 but for softness ratio of 3C 382

tions which means that the probability of the fit being random
is ~0.05%), but a few points lie on lower and upper lines. This
type of variability between the low- and high-energy bands
have also been observed in other Seyfert galaxies (Lawrence et
al. 1985; Kunieda et al. 1990). However, no evidence for a
correlation of the variability in the low- and high-energy bands
was found in Ginga data for 3C 382 (Kastra et al. 1991) when
this galaxy was ~4 times lower than during the EXOSAT
observations. Correlated variability of the LE and ME count
rates suggest that both the soft and hard X-rays, most prob-
ably, have a common origin. However, the plots of the LE and
ME count rates against the softness ratio (Figs 12 and 13) show
that the LE and ME count rates are correlated and uncor-
related with the softness ratio of the source, respectively. The
softness-intensity effect seen in Figure 12 suggests the presence
of a soft spectral effect (source softens as it brightens and vice
versa) in 3C 382 which indicates a nonlinear relation between
the LE and ME count rates (Lawrence et al. 1985). Also we
have found the correlated variability between the soft spectral
index and the softness ratio of the source (see Fig. 9), but no
variations of the ME spectral index were seen with the ME
" count rate (see Figs. 2 and 3) or the softness ratio of the source
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F1G. 8.—Observed spectrum of 3C 382 fitted with the broken power law
model (model 7). Lower panel of the figure shows the residuals between the
spectra and the model.

Soft spectral index

F1G. 9.—Soft spectral index is plotted against the softness ratio

during its flare. All these results suggest that the soft and hard
X-rays originate from distinct sources. Most probably, the soft
and hard X-rays originate in optically thin and thick parts of
an accretion disk, respectively (Czerny & Elvis 1987).

3.2. Soft Excess

At present it is well accepted that soft excesses are common
features of emission-line AGNs (references on individual
AGNs may be obtained from Turner & Pounds 1989 and
Kruper et al. 1990). Significant soft excess was detected in 3C
382 from Einstein IPC + MPC data, but Einstein SSS + MPC
data displayed no evidence for soft excess in this galaxy (Urry
et al. 1989). However, EXOSAT results show the presence of
variable soft excess in this galaxy (see Figs 5a—5¢ and Table 4)
which is correlated with the LE count rate (see Fig. 6), with the
soft spectral slope (I",) and with the softness ratio of the source
(see Fig. 7). It is important to mention here that although the
variability of the LE and ME count rates was correlated (see
Fig. 11), but the ME spectral slope was roughly constant
(average value was 1.7 + 0.1). Also there is no evidence for
correlation between the ME count rate and the softness ratio
of the source (see Fig. 13). These results suggest that the soft

1073
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F1G. 10.—Observed spectrum of 3C 382 fitted with the Gaussian line model
(model 8). Lower panel of the figure shows the residuals between the spectrum
and the mode..
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excess and the soft spectral slope were maximum and steepest,
respectively, when this galaxy was in its brightest state (see
Tables 1 and 4) and the hard spectral component was practi-
cally unchanged even though there were dramatic variations of
the source. Since the basic mechanisms behind the origin and
the variability of soft excess are yet largely unknown, at
present, it is difficult to make any definite conclusion about it.
However, here we will present one speculative scenario. On the
basis of the present observations of 3C 382, we have suggested
in § 3.1 that the soft and hard X-rays originate from distinct
sources (most probably, the soft X-rays originate in an opti-
cally thin part of an accretion disk and the hard X-rays orig-
inate in an optically thick part of an accretion disk). Also, we
have already seen that the soft excess was maximum when the
source was brightest.

In a previous paper (Ghosh et al. 1991) we have discussed in
detail that the variations of the X-ray luminosity of an AGN
depend on the variations of the central continuum source.
Again the continuum source can vary if there are variations of
the accretion rate which depends on many parameters; one
such important parameter is the distribution of matter, around
the central compact object, to be accreted. Thus an AGN will
be in a brighter state when the accretion rate is relatively
higher. During the brighter state of the source, both the soft
and hard X-ray fluxes will increase (as has been seen in 3C 382).
If part of the hard X-rays which originate in an inner part
(optically thick) of an accretion disk get reprocessed and emit
soft X-rays (as it travels toward the outer part of the disk), then
the source will become relatively softer. Also, the soft excess
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FiG. 12—Plot of the LE count rate vs. the softness ratio which shows the
. correlated variability.
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FiG. 13.—Same as Fig. 12, but for ME count rate. This figure shows that
although the ME count rate and the softness varied, they are uncorrelated.

will be relatively stronger. This is what we have seen in 3C 382
during its brightest state (see Figs 6 and 7). Although the
present scenario which is a purely speculative one matches
with the observations of 3C 382, this must be considered to be
tentative. ‘

3.3. Iron Line

The measured line center energy of the Gaussian emission
feature in the X-ray spectra of 3C 382 is 6.2 + 0.6 keV (average
value). This value of the line center energy is consistent with
both fluorescence from thick cold iron K-line (at 6.4 keV) and
helium-like iron line from highly ionized matter (near 6.7 keV).
Also, the measured equivalent width of the iron line which
ranges between 100 and 1100 eV, is also consistent with both
cold and hotter material (6.4-6.7 keV).

Fe line flux and equivalent width are plotted against ME-
count rate in Figure 14. From this figure, it is evident that both
the line flux and the equivalent width stayed roughly constant
during EXOSAT observations. Also the EXOSAT observa-
tions of this galaxy show that the doubling time scale of the
continuum flux variability was around 3 days (Barr & Mush-
otzky 1986). Thus this time scale of continuum flux variability
and the lack of variations in equivalent width of the emission
line suggest that the gas emitting the iron line lies no further
than a few light-days from the central continuum source.

Recently Kastra et al. (1991) have detected an iron line in the
spectra of 3C 382 from Ginga data. They have interpreted this

TABLE 4
MEASURED SoOFT ExCEss IN 3C 382

Date

(year/day) Soft Excess®
1983/255 .......... 3.70 + 0.80
1985/116 .......... 5.60 + 1.60
1985/117 .......... 6.35 + 1.60
1985/147 .......... 6.00 + 2.00
1985/153 .......... 10.00 + 2.30
1985/161 .......... 10.20 + 2.30
1985/171 .......... 9.00 + 1.50
1985/195 .......... 10.00 + 1.80
1985/211 .......... 10.70 + 1.50
1985/223 .......... 14.40 + 2.20
1985/233 .......... 1040 + 1.50
1985/246 .......... 13.50 + 2.00
1985/256 .......... 16.80 + 2.00

2,1

2 In units of 103 countscm ™2 s

keV~t
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line as due to fluorescence in dense material around the central
compact object. They have also suggested that the large equiv-
alent width of this line (280 eV) may be either due to the large
inclination of the accretion disk in this galaxy or due to time
delay effects. We also suggest that the emission line detected at
6.2 + 0.6 keV in the EXOSAT spectra of 3C 382 may be due to
fluorescence of cold iron which lies close to the central contin-
uum source (~ a few light-days from the continuum source).

4. CONCLUSIONS

Results of the spectral analysis of the X-ray spectra of 3C
382, obtained from EXOSAT observations, suggest the follow-
ing results.

This galaxy was observed with Ariel V (Elvis et al. 1978),
HEAO 1 (Marshall et al. 1979; Dower et al. 1980), Einstein
(Petre et al. 1984; Urry et al. 1989), EXOSAT (this work), and
Ginga (Kastra et al. 1991) X-ray satellites between 1975 and
1989. The hard X-ray luminosity light curve constituted from
the above observations shows a major outburst of this galaxy
in 1985 during EXOSAT observations (see Fig. 5 of Kastra et
al. 1991). Remarkable variations in the LE and ME bands
(maximum to minimum variations were ~ 120% and ~110%
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in the LE and ME bands, respectively, with different rise/decay
time scales) were observed in 3C 382 during the outburst. A
prominent dip about halfway through is present in both the LE
and ME light curves during the flare of this galaxy (see Fig. 1).
Correlated variability was found only between the LE count
rate and the softness ratio of this source (see Fig. 12), but the
ME count rate which varied in correlation with the LE count
rate has shown uncorrelated variability with the softness ratio.
Also, the ME spectral slope was roughly constant
(T ~ 1.7 + 0.1) during the EXOSAT observations (see Figs. 2
and 3). However, the LE spectral slope has displayed corre-
lated variability with the LE count rate, with the soft excess,
and with the softness ratio (see Fig. 9).

Variable soft excess detected in this galaxy is best fitted with
the broken power law model (model 7) which suggests a vari-
able soft spectral component below 0.6 keV and a nonvariable
hard component between 0.6 and 10 keV.

We have detected an emission line at 6.2 + 0.6 keV (average
value) in the X-ray spectra of 3C 382. The measured equivalent
width of this line ranges between 100 and 1100 eV. Also the line
flux and the equivalent width of this line were almost constant
during the flare (see Fig. 14). It has been suggested that the
detected emission line may be due to fluorescence of cold iron
around the central compact object and the cold gas emitting
the iron line lies close (a few light-days) to the continuum
source. Thus the X-ray spectrum (0.1-10 keV) of 3C 382 con-
sists of three components: a variable soft spectral component
below 0.6 keV, a nonvariable hard spectral component above
0.6 keV (0.6-10 keV), and an iron emission line around 6 keV.

We are grateful to Professor J. C. Bhattacharyya for his
support and encouragement, in all respects. Our thanks to the
EXOSAT Observatory staff, especially to N. E. White. A. N.
Parmer, F. Habrel, P. Giommi, P. Barr, and A. M. T. Pollock,
at ESTEC who helped us to get the data from the archives and
provided us with the XSPEC software package. One of us,
K. K. G,, wants to express his sincere thanks to the EXOSAT
staff for their help in data analysis during his stay at ESTEC.
Our sincere thanks to the referee for valuable comments and
suggestions.
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