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ABSTRACT

We study accretion disk emission from eight Seyfert 1 − 1.5 active galactic nuclei (AGN) using far

ultra-violet (1300− 1800 Å) slit-less grating spectra acquired with AstroSat/UVIT. We correct for the

Galactic and intrinsic extinction, contamination from the host galaxies, narrow and broad-line regions,

Fe II emission and Balmer continuum, and derive the intrinsic continua. We use HST COS/FOS

spectra to account for the emission/absorption lines in the low-resolution UVIT spectra. We find

generally redder power-law (fν ∝ να) slopes (α ∼ −1.1 − 0.3) in the far UV band than predicted

by the standard accretion disk model in the optical/UV band. We fit accretion disk models such

as the multi-temperature disk blackbody (DISKBB) and relativistic disk (ZKERRBB, OPTXAGNF) models

to the observed intrinsic continuum emission. We measure the inner disk temperatures using the

DISKBB model for seven AGN. These temperatures in the range ∼ 3.6 − 5.8 eV are lower than the

peak temperatures predicted for standard disks around maximally spinning super-massive black holes

accreting at Eddington rates. The inner disks in two AGN, NGC 7469 and Mrk 352, appear to be

truncated at ∼ 35− 125rg and 50− 135rg, respectively. While our results show that the intrinsic FUV

emission from the AGN are consistent with the standard disks, it is possible that UV continua may be

affected by the presence of soft X-ray excess emission, X-ray reprocessing, and thermal Comptonisation

in the hot corona. Joint spectral modeling of simultaneously acquired UV/X-ray data may be necessary

to further investigate the nature of accretion disks in AGN.

Keywords: accretion, accretion disks – galaxies: Seyfert – techniques: spectroscopic – ultraviolet:

galaxies

1. INTRODUCTION

The large luminosity (∼ 1040−1048 erg s−1; Ho 1999;

Woo & Urry 2002; Duras et al. 2020) observed from ac-

tive galactic nuclei (AGN) is thought to arise due to

the accretion of matter, in the form of disks, onto su-

permassive black holes (SMBHs) at the centers of ac-

tive galaxies. Luminous AGN are thought to host ra-
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diatively efficient standard accretion disks that are ge-

ometrically thin and optically thick (see e.g., Koratkar

& Blaes 1999; Netzer 2013). The standard disk model,

also known as the α disk model, describes the accretion

flow onto black holes and predicts the emission spec-

trum from geometrically-thin and optically-thick accre-

tion disks (Shakura & Sunyaev 1973; Novikov & Thorne

1973). According to the standard disk model, each an-

nulus of the disk emits as a blackbody with temperature

varying as a function of radius (T ∝ r−3/4) and the spec-

trum of the entire disk varying as fν ∝ να, where α = 1
3

in the optical/UV band of AGN emission.
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Observationally, the big blue bump (BBB) emission in

the optical/UV band is believed to be arising from the

accretion disks in AGN, thus providing a direct probe

of the accretion flow. A number of studies have investi-

gated the optical/UV spectral shape and found varying

spectral slopes in different AGN.

O’Brien et al. (1988) found the UV slope (α) of 81

quasars varying from 0 to −1.5 with a median value of

−0.7 using the International Ultraviolet Explorer (IUE)

observations in the 1215−1900 Å band. They found the

ultraviolet continuum to become harder with increas-

ing redshift. Francis et al. (1991) accounted for Fe II

emission and Balmer continuum, and found the median

α ∼ −0.32 in the 1450−5050 Å band for their sample of

718 quasars observed with the Multiple Mirror Telescope

(MMT) and Du Pont Telescope at Las Campanas Obser-

vatory. Using the Hubble Space Telescope, Zheng et al.

(1997) found the UV slope α ∼ −0.99 for their compos-

ite spectrum of 101 quasars in the 1050− 2200 Å band.

In the sample of 220 AGN in Kuraszkiewicz et al. (2003),

the UV continuum slope has a large scatter varying from

0 to −2. All these results show that quasars have differ-

ent spectral slopes which are redder than that predicted

from the standard disk model. However, a number of

effects can alter the observed continuum slopes.

AGN are embedded in their host galaxies, the emis-

sion from the accretion disks is not resolved, and not well

separated from the host galaxies. The intrinsic emission

from the accretion disks is subjected to contamination

by the host galaxy emission, complex Fe II emission,

Balmer continuum, and emission lines from the broad

and narrow line regions. Additionally, the disk emission

suffers reddening due to the host galaxy as well as our

own Galaxy. These effects altogether can modify the

disk spectra substantially. Theoretical models of accre-

tion disks can only be tested with the intrinsic contin-

uum spectra after accounting for the various effects.

The inner regions of accretion disks can be probed by

using the broad, relativistic Fe Kα line observed near

∼ 6.4 keV in the X-ray spectra of AGN. The line is

thought to arise due to the reflection of coronal X-rays

irradiated onto the disk (see e.g., Laor 1991; Tanaka

et al. 1995; Fabian et al. 2000). The broad iron line can

be used to probe the ionization state, special/general

relativistic effects and the line emissivity profile of the

disk, and to measure the inner edge of the disk and

thereby the black hole spin. However, the broad iron

line cannot be used to probe the temperature profile

of the disk that can be used to test predictions of the

standard disk models. Thus, the study of the intrinsic

continuum emission in the optical/UV band remains the

best way to probe the nature of accretion disks in AGN.

In this paper, we study intrinsic accretion disk emis-

sion from eight Seyfert type 1 AGN based on obser-

vations performed with the AstroSat mission. Here we

study the intrinsic far UV continuum emission using slit-

less grating spectra, and in a future paper, we aim to

study UV/X-ray broadband spectra. The general prop-

erties of the sources are listed in Table 1. These AGN are

nearby with redshifts z = 0.015− 0.1 and cover a range

of black hole masses MBH ∼ 6.3 × 106 − 109M�. The

limited bandwidth (1200 − 1800 Å) and low resolution

of the slit-less grating spectra make it difficult to sep-

arate the emission/absorption lines and the continuum

emission. We, therefore, make use of the available HST

data for seven out of eight AGN from the HST archive

to identify the emission/absorption lines. We organize

our paper as follows. We describe our AstroSat obser-

vations and data reduction in Section 2; HST spectra

in Section 3; spectral complexities in Section 4; spectral

analysis and results in Section 5. We discuss our results

in Section 6, followed by conclusions in 7. Unless oth-

erwise mentioned, we assumed the cosmological param-

eters, H0 = 69.6 km s−1 Mpc−1,ΩM = 0.286 and ΩΛ =

0.714, to calculate the co-moving radial distances of the

sources.

2. ASTROSAT/UVIT OBSERVATIONS AND DATA

REDUCTION

AstroSat is a multi-wavelength space observatory

(Singh et al. 2014). It carries four co-aligned and

simultaneously-operating instruments – the Ultraviolet

Imaging Telescope (UVIT) (Tandon et al. 2017, 2020),

the Soft X-Ray Telescope (SXT) (Singh et al. 2016,

2017), the Large Area X-ray Proportional Counters

(LAXPC) (Yadav et al. 2016; Antia et al. 2017) and

the Cadmium-Zinc-Telluride Imager (CZTI) (Vadawale

et al. 2016). In this paper, we utilized the data acquired

with the UVIT only as our aim is to study the intrinsic

continuum emission from the AGN disks.

The UVIT consists of twin telescopes. One of them

is sensitive in the far ultraviolet (1200 − 1800 Å) band

and is referred to as the FUV channel. The light

from the second telescope is split into near ultraviolet

(2000−3000 Å) and visible (3200−5500 Å) bands, form-

ing the NUV and VIS channels, respectively. The VIS

channel is mainly used for tracking satellite pointing,

while the FUV and NUV channels are used for scien-

tific observations. Both FUV and NUV channels are

equipped with a number of broadband filters. The UVIT
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Table 1. List of AGN and their general properties

Sources Redshift B N†H M††BH (ref) f†††14−195 keV EB−V

(1020 cm−2) (107 M�)

Mrk 841 0.036 14.50 2.0 4.9 (1) 33.3 0.032

MR 2251–178 0.064 14.99 2.6 31.6 (2) 102.6 0.038

PG 0804+761 0.1 15.03 3.3 54 (3) 16.7 0.048

NGC 7469 0.016 13.0 4.5 1.0 (4) 83.0 0.065

I Zw 1 0.06 14.4 4.6 3.1 (5) – 0.067

SWIFT J1921.1–5842 0.037 14.36 4.9 1.25 (6) 54.4 0.071

Mrk 352 0.015 15.25 5.6 0.6 (2) 41.6 0.082

SWIFT J1835.0+3240 0.058 16.50 6.2 100 (7) 81.0 0.09
† The Galactic H I column density (NH) obtained from the NH calculator available at the

HEASARC website https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl.
†† Black hole masses are taken from (1) Vestergaard & Peterson (2006), (2) Winter et al.
(2012), (3) Bentz & Katz (2015), (4) Peterson et al. (2004), (5) Wilkins et al. (2021), (6) Wang
& Zhang (2007) and (7) Marchesini et al. (2004).
††† Swift BAT X-ray flux in units of 10−12 ergs cm−2 s−1 and in the 14 − 195 keV band.
EB−V is calculated using Eq. 6.

has excellent spatial resolution with a point spread func-

tion (PSF) in the range of 1 − 1.5 arcsec. The UV im-

ages are obtained in photon counting mode at a rate of

28 frames s−1 in the full window mode.

In addition, the FUV channel is equipped with two

slit-less gratings, FUV-Grating1 and FUV-Grating2

(hereafter FUV-G1 and FUV-G2), and the NUV chan-

nel carries a single slit-less grating, referred as the NUV-

Grating (hereafter NUV-G). The two FUV gratings are

oriented orthogonal to each other to avoid possible con-

tamination along the dispersion direction due to the

presence of neighboring sources in the dispersed image.

More details on the performance and calibration of the

UVIT gratings can be found in Dewangan (2021).

The peak effective area of FUV-G1 and FUV-G2 in

the −2 order are ∼ 4.5 cm2 at 1390 Å and ∼ 4.3 cm2

at 1500 Å, respectively. The NUV grating has a peak

effective area of ∼ 18.7 cm2 (2325 Å) in the −1 order.

The spectral resolution for the FUV gratings in the −2

order is FWHM ∼ 14.3 Å and that for the NUV grating

in the −1 order is ∼ 33 Å. The NUV channel stopped

functioning in 2018 March (Ghosh et al. 2021).

We obtained level1 UVIT data for the eight sources:

Mrk 841, MR 2251–178, PG 0804+761 (hereafter

PG0804), NGC 7469, I ZW 1, SWIFT J1921.1–

5842 (hereafter SWIFT1921), Mrk 352 and

SWIFT J1835.0+3240 (hereafter SWIFT1835) from

the AstroSat data archive 1 (see Table 2). We list the

available UVIT grating data sets in Table 2. Only FUV-

G1 data are available for MR 2251–178 and SWIFT1835

while only FUV-G2 data are available for I ZW 1 and

PG0804. NUV grating data are available only for

PG0804. We processed the level1 UVIT data using

the CCDLAB (Postma & Leahy 2017) pipeline soft-

ware. The CCDLAB extracts scientifically useful data

for each of the orbits. To correct for the drift of the

satellite pointing, we generated drift series (X, Y shifts

relative to the reference (first) frame as a function of

time) for bright point sources using images acquired

with the VIS channel. We then applied the mean drift

series (mean X, Y shifts as a function of time) to the

FUV/NUV centroid lists. The individual orbit-wise

images and the centroid lists obtained after the drift

corrections are not co-aligned. We used the registration

task available within the CCDLAB that uses two or

more point sources to register the centroid lists in dif-

ferent frames into a common frame. Finally, we merged

the co-aligned data to obtain a single science image

with a greatly improved signal-to-noise ratio. Along

the spatial direction in the dispersed images, one pixel

corresponds to 0.41 arcsec on the sky. The final grating

images of our sources are shown in Fig. 1.

We identified the zero-order positions of our target

sources by comparing the patterns of zero-order po-

1 https://astrobrowse.issdc.gov.in/astro archive/archive/Home.
jsp

https://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.pl
https://astrobrowse.issdc.gov.in/astro_archive/archive/Home.jsp
https://astrobrowse.issdc.gov.in/astro_archive/archive/Home.jsp
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Table 2. List of AstroSat/UVIT and HST/COS or FOS observations. The last column is the background-corrected
net count rate of sources in the −2 order of FUV gratings or −1 order of NUV grating.

Sources Obs. ID Instrument Date of Obs. Exposure time Count rate

(ks) (counts s−1)

Mrk 841 A09 008T05 9000003724 UVIT/FUV-G1 2020-06-18 5.8 6.67 ± 0.04

UVIT/FUV-G2 2020-06-19 6.0 7.39 ± 0.04

LC8Y15010 HST/COS 130M/1291 2014-07-06 1.7

LC8Y15020 HST/COS 160M/1600 2014-07-06 2.4

MR 2251-178 A04 218T03 9000002214 UVIT/FUV-G1 2018-07-09 5.2 6.73 ± 0.04

Y3AI2006T HST/FOS 130H 1996-08-02 2.3

Y3AI2007T HST/FOS 190H 1996-08-02 2.3

PG0804 G07 062T01 9000001560 UVIT/FUV G2 2017-09-25 4.1 8.9 ± 0.05

G07 062T01 9000001560 UVIT/NUV Grating 2017-09-25 4.0 59 ± 0.1

LB4F08030 HST/COS 130M/1291 2010-06-12 1.6

LB4F08080 HST/COS 160M/1623 2010-06-12 1.6

NGC 7469 G08 071T02 9000001620 UVIT/FUV-G1 2017-10-18 3.4 5.73 ± 0.04

UVIT/FUV-G2 2017-10-18 4.0 7.88 ± 0.05

UVIT/FUV-Silica 2017-10-18 45

Y3B60106T HST/FOS 130H 1996-06-18 2.2

Y3B60107T HST/FOS 190H 1996-06-18 1.6

I Zw 1 A10 101T02 9000004084 UVIT/FUV G2 2020-12-26 4.8 1.03 ± 0.02

LCKR02030 HST/COS 130M/1309 2015-01-21 1.9

LCKR01020 HST/COS 130M/1327 2015-01-20 0.9

LCKR01050 HST/COS 160M/1589 2015-01-20 2.5

SWIFT1921 A04 218T08 9000002236 UVIT/FUV-G1 2018-07-17 5.7 8.50 ± 0.04

UVIT/FUV-G2 2018-07-18 5.4 9.72 ± 0.04

LC1202010 HST/COS 130M/1309 2012-11-20 2.2

LC1202020 HST/COS 160M/1589 2012-11-20 2.0

Mrk 352 A09 008T06 9000003748 UVIT/FUV-G1 2020-06-30 5.3 1.48 ± 0.02

UVIT/FUV-G2 2020-07-01 6.2 1.59 ± 0.02

LCXV07060 COS 130M/1327 2016-07-20 1.7

LCXV07070 COS 160M/1589 2016-07-20 2.2

SWIFT1835 A04 218T04 9000002086 UVIT/FUV-G1 2018-05-10 3.2 1.04 ± 0.02
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sitions of sources with the available SWIFT/UVOT

or GALEX images. We then identified grating orders

for our sources and then proceeded with spectral ex-

traction. In addition to the grating images, we pro-

cessed the available FUV broadband filter (FUV–Silica:

λmean = 1717 Å with ∆λ ∼ 125 Å, FUV–Sapphire:

λmean = 1608 Å with ∆λ ∼ 290 Å) images.

For the spectral extraction, we followed the procedures

and tools described in Dewangan (2021). We located the

zeroth order of the source of interest in the grating im-

age. The dispersion axes of the gratings are not aligned

exactly with the X (FUV-G1) or Y (FUV-G2) axis in

the grating images. We calculated the angle of the dis-

persion axis with respect to the X (FUV-G1, NUV-G)

or Y (FUV-G2) image axes. This angle is used to find

the centroids along the spatial direction at each pixel

along the dispersion direction for the desired order (−2

for FUV gratings, −1 for NUV-G). We used a 50-pixel

width along the cross-dispersion direction and extracted

the FUV and NUV grating PHA spectral data in the −2

and −1 orders, respectively, and the associated response

matrices as described in Dewangan (2021). We used

a similar procedure and extracted background spectra

from nearby source-free regions corresponding to each

source spectrum. We list the background-subtracted net

source count rates for FUV gratings in the −2 order or

NUV-G in the −1 order in the last column of Table 2.

The exposure time for gratings varies from 0.6− 6.0 ks.

The background-subtracted net count rate in FUV grat-

ings varies from∼ 1.0−9.7 counts s−1. We used Sherpa

version 4.14.0 (Freeman et al. 2001; Freeman et al. 2011)

for the spectral analysis of all the sources. We also gen-

erated the fluxed spectra using the same extraction pa-

rameters mentioned above by applying the wavelength

and flux calibration described in Dewangan (2021). We

show the fluxed FUV grating spectra of the eight AGN

in Figure 2.

3. THE HST SPECTRA

We also used high-resolution UV spectra acquired

with the HST ’s Cosmic Origin Spectrograph (COS;

Green et al. 2011) and the Faint Object Spectrograph

(FOS; Keyes et al. 1995). We obtained the COS

spectra for the sources Mrk 841, PG0804, I Zw 1,

SWIFT1921 and Mrk 352 from the archive (https://

archive.stsci.edu/hst/search.php). We used FOS spec-

tra of MR 2251-178 and NGC 7469 from Kuraszkiewicz

et al. (2004) (http://hea-www.harvard.edu/∼pgreen/

HRCULES.html). We did not find HST spectra for

SWIFT1835. We list the available HST observations

in Table 2.

The HST/FOS can cover a wide wavelength range of

∼ 1150−8500 Å with high and low-resolution gratings.

We used FOS spectra acquired with the high resolution

gratings G130H (1140 − 1606 Å) and G190H (1573 −
2303 Å) with spectral resolution R = λ/∆λ ∼ 1300

for MR 2251–178 and NGC 7469. The largest circular

aperture size is 0.9′′ in diameter. We have used spec-

tra acquired with two COS medium resolution gratings,

G130M (∼ 900− 1450 Å) and G160M (1400− 1775 Å).

The spectral resolution for these medium resolution

gratings is R ∼ (λ/∆λ) ∼ 18, 000. The field of view for

COS is 2.5′′ in diameter. For each of the COS gratings,

there are two segments – FUVA and FUVB, due to a gap

in the active area. The gaps are about 14.3 Å (G130M)

and 18.1 Å (G160M).

Due to high spectral resolution, COS is widely used

for absorption and emission line studies. Tilton & Shull

(2013) used COS data for 44 AGN including NGC 7469

and PG0804 to derive intrinsic absorption, broad emis-

sion/absorption line widths and inferred a rough esti-

mate of black hole masses. In a sample of 159 AGN

observed with the HST/COS, Stevans et al. (2014) re-

ported the spectral indices (α) of −0.96 (MR 2251–178),

−0.54 (PG0804), −0.89 (NGC 7469). They estimated

the continuum slope in the line free narrow windows

above 800 Å.

We compared the COS/FOS and UVIT spectra of

our sources in Figure 2. The differences in flux mea-

sured with UVIT gratings and COS/FOS (e.g., Mrk 841)

are due to the variability of the AGN as the two spec-

trographs are well flux-calibrated. Mrk 841 has been

found to be highly variable in X-rays (Nandra et al.

1995; George et al. 1993) as well as in the UV (Mi-

randa et al. 2021). The emission lines and the contin-

uum shapes appear to match well. We find a slight dis-

crepancy in the shapes of emission lines, particularly the

C IVλ1548.9 Å line, possibly due to the differences in

the spectral resolutions, presence of narrow absorption

lines not resolved in the UVIT spectra, and/or inaccu-

racies in the wavelength calibration. The main purpose

of our study is to derive the far UV continuum shapes

after accounting for the emission lines in terms of Gaus-

sian profiles, therefore, we ignore possible errors in the

line positions. Using the HST spectra, we measure the

emission/absorption line parameters, and then we use

these line parameters while performing UVIT spectral

analysis.

4. SPECTRAL COMPLEXITIES

As mentioned in Section 1, the observed UV spectra

of AGN are affected with (i) Galactic and intrinsic red-

dening, (ii) host galaxy contribution, (iii) Balmer con-

https://archive.stsci.edu/hst/search.php
https://archive.stsci.edu/hst/search.php
http://hea-www.harvard.edu/~pgreen/HRCULES.html
http://hea-www.harvard.edu/~pgreen/HRCULES.html
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Figure 1. The slit-less UVIT/FUV Grating images of the eight AGN – (a,b) Mrk 841, (c) MR 2251-178, (d) PG0804, (e,f)
NGC 7469, (g) I Zw 1, (h,i) SWIFT J1921.1-5842, (j,k) Mrk 352, and (l) SWIFT J1835.0+3240.
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Figure 2. The UVIT FUV-G1 (red) and FUV-G2 (blue) fluxed spectra of the eight AGN in the observed frame. The HST
COS/FOS spectra (olive) are plotted for comparison. HST spectra for SWIFT J1835.0+3240 are not available.
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tinuum, (iv) Fe II emission and (v) emission/absorption

lines from the BLR and NLR. Below we describe these

effects and the ways to correct them.

4.1. Host Galaxy Contamination

AGN are embedded into their host galaxies. Natu-

rally, the diffuse emission due to the presence of hot

stars, H II regions, supernovae remnants, etc. in the

central regions of host galaxies can contribute to the

observed UV emission. In our sample, all the sources

except NGC 7469 are point-like objects. Figure 3 shows

the UVIT image of NGC 7469 in the FUV-Silica fil-

ter. Clearly, the diffuse UV emission from the host

galaxy in addition to the bright nuclear emission is de-

tected. To find out the host galaxy contribution, first,

we measured the instrument’s point spreading function

(PSF). For this purpose, we generated the radial sur-

face brightness profile of a star BPS CS 29521–0036

(αJ2000 = 23h2m52s, δJ2000 = +08d59m27s) which is

located 9′ away from the source. Following Dewangan

et al. (2021), we fitted the radial profile with a Moffat

function,

3000 3050 3100 3150 3200

2050

2000

1950

1900

1850

PIXEL

PI
X

E
L

NGC 7469: FUV Silica

_______
10 kpc

Figure 3. FUV image of NGC 7469 in the Silica filter
(λmean ∼ 1716.5 Å; ∆λ ∼ 125 Å). The image size is of
250x250 pixel along the axes (a single pixel corresponds to
0.416′′ or 139 pc). Faint diffuse emission connecting to spiral
arms seen in the image may contaminate the AGN emission.

F (r) = F0

[
1 +

( r
σ

)2
]−β

(1)

where the full width at half maximum (FWHM) is de-

fined as 2σ

√
2

1
β − 1. We used a constant model to

fit the background. The best-fit Moffat function with

FWHM = 1.18′′ provides the PSF of the instrument.

Then, we used this Moffat function i.e. the PSF, to

fit the AGN radial profile. We kept the parameters σ

and β fixed at the best-fit values derived for the star

above. This component accounts for the AGN emission.

Around 9′′ from the nucleus we noticed a large excess

after using Moffat and a constant model for the back-

ground. This is due to one of the starburst regions ob-

served at radius ∼ 8′′−10′′. We used a Gaussian profile

to account for this. For the host galaxy contribution,

we used an exponential profile

I(r) = I0e
−r/rd (2)

The integrated galactic emission is ∼ 1% of the total

emission (AGN+host galaxy) within 10′′ radius. We

followed the same procedure for one of the point-like

AGN, Mrk 841. The integrated galactic emission within

10′′ radius is 2.9% of the total emission. Therefore, we

conclude that the host galaxy contribution is not sub-

stantial in the case of NGC 7469 or the point like AGN,

and we do not make any corrections for such small con-

tributions.

4.2. Intrinsic reddening

The dust grains in the circumnuclear regions as well

as in the ISM of the host galaxy can cause extinction

to the AGN emission. The extinction generally rises

steeply from the optical to UV bands, thus making the

UV band much more susceptible to extinction. A precise

extinction correction is important to recover the intrin-

sic UV spectral slope of AGN (Koratkar & Blaes 1999).

However, the amount of intrinsic extinction is generally

poorly known due to the lack of knowledge on the chem-

ical composition and sizes of dust grains and molecules

which are most likely dissimilar to that in our Galaxy

as the physical conditions in the AGN hosts are quite

different than that in our own galaxy.

Fortunately, type 1 AGN are generally devoid of

strong intrinsic extinction, and the wavelength depen-

dence of the extinction can be characterized with empir-

ical relations. Czerny et al. (2004) used five composite

SDSS spectra of quasars from Richards et al. (2003), and

derived the extinction curve. They assumed, the bluest

composite spectrum to be unaffected by dust while the

other composite spectra differed only due to the dust

reddening. Using these composite spectra, they ob-

tained an empirical relation for the intrinsic extinction,

Aλ
E(B − V )

= kλ = −1.36 + 13 log
1

λ
(3)

where, 1
λ ranges from 1.5 to 8.5 µm−1. The Balmer

decrement, i.e., the ratio of Hα and Hβ line fluxes has
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Figure 4. Effect of de-reddening on an observed FUV spec-
trum. The FUV-G1 spectrum of Mrk 841 is de-reddened
for different values of color excesses using the extinction law
derived by Czerny et al. (2004). The observed spectrum is
shown in black, the de-reddened spectra appear in red, green
and blue for Balmer decrements of 3.5, 4 and 5 corresponding
to E(B − V ) = 0.04, 0.09 and 0.16, respectively.

long been used as a reddening indicator. The color ex-

cess E(B − V ) can be written in terms of the Balmer

decrement as follows (see e.g. Domı́nguez et al. 2013).

E(B − V ) =
2.5

k(λHα)− k(λHβ )
log10

[
(Hα/Hβ)obs
(Hα/Hβ)int

]
(4)

where k(λHβ ) and k(λHα) are the extinction curves eval-

uated at Hβ and Hα wavelengths, respectively. As

shown by Gaskell (2017), the broad line Hα/Hβ ratio

for the optically blue AGN at low redshifts is 2.72. We

have used this value as the intrinsic ratio (Hα/Hβ)int.

We then used the extinction curve of Czerny et al. (2004)
as given in Eq. 3 and the color excess E(B−V ) based on

the observed Balmer decrement (Hα/Hβ)obs (Eq. 4) and

created a spectral model for the spectral fitting pack-

age Sherpa. The model parameters are redshift and

Balmer decrement. This model calculates the extinc-

tion Aλ which is then used to calculate intrinsic flux at

the desired wavelength in the UV band

fλ,int = fλ,obs100.4Aλ (5)

In Fig. 4, we show the effect of de-reddening for dif-

ferent amounts of extinction (E(B−V ) = 0.04, 0.09 and

0.16) on the observed spectrum. In Table 3 we list the

Balmer decrement obtained from previous study for the

sources in our sample.

4.3. Fe II Emission

Type 1 AGN, particularly the narrow-line Seyfert 1s,

exhibit strong Fe II emission in the wavelength range

of 1100 − 5000 Å. The Fe II complex is created by

thousands of electronic transitions of Fe II ions in the

BLR. Due to the Doppler broadening, these lines over-

lap with each other giving rise to a pseudo-continuum.

To account for the Fe II complex, we used the Fe II

template generated using I Zw 1 by Vestergaard &

Wilkes (2001) and, created a spectral model for the

Sherpa package. The parameters for this model are

the redshift, the Gaussian σ for velocity broadening

of individual lines, and a scaling factor to adjust the

strength of the Fe II complex. Tilton & Shull (2013)

have used this approach and studied the AGN con-

tinuum using HST/COS observations. The template

has an intrinsic width of FWHM = 900 km s−1. The

best-fitting σ for an AGN spectrum is the width of

the Gaussian used to broaden the Fe II template that

matches the Fe II emission in the AGN spectrum. Thus,

σ = (
√
FWHM2

AGN − FWHM2
intrinsic)/2.355, where

FWHMintrinsic = 900 km s−1. In Fig. 5, we show the

effect of different broadening (σ) on our model Fe II

template spectrum with z = 0.
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Figure 5. Effect of broadening of Fe II template spectrum
for different velocities: vFWHM = 1000 km s−1 (green),
3000 km s−1 (blue), and 6000 km s−1 (red) at λ = 1500 Å.

4.4. Galactic Reddening

The dust grains and molecules in the ISM of our own

Galaxy contribute to the reddening of the optical/UV

spectrum. We account for the Galactic reddening in the

observed spectra of AGN by using the spectral model
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REDDEN (Cardelli et al. 1989) in Sherpa. This model

has one parameter, the color excess EB−V . We esti-

mated the color excess from the observed linear relation

between the Hydrogen column density NH in cm−2 and

the extinction AV in magnitude (Güver & Özel 2009):

NH [ cm−2] = (2.21± 0.09)× 1021AV [mag] (6)

with AV = 3.1× EB−V .

4.5. Balmer Continuum

The Balmer continuum emission in the wavelength

range of 2000 − 4000 Å arising from BLR contributes

to the intrinsic continuum. For optically thin emitting

region at a fixed electron temperature, the Balmer con-

tinuum emission is given by (Grandi 1982)

FBCν = FBEν exp [−h(ν − νBE)/kT ] (7)

where, FBEν is the flux at Balmer edge νBE , T is elec-

tron temperature and h is Planck constant. νBE is

theoretically at wavelength 3646 Å. We modeled this

spectral component using the function given by Equa-

tion 7. We generated a spectral model for the Balmer

continuum within the Sherpa package. The parame-

ters of this model are redshift, amplitude and electron

temperature. We used this model component convolved

with the XSPEC (Arnaud 1996) model GSMOOTH (Gaus-

sian smoothing) for the NUV-Grating spectrum avail-

able only for PG0804.

5. SPECTRAL ANALYSIS

The slit-less UVIT gratings are useful for low-

resolution spectroscopy (FWHM ∼ 2860 km s−1) in a

limited wavelength band (FUV: 1300 − 1800 Å, NUV:

2000 − 3000 Å). The width of the emission lines from

the NLR are typically 500 km s−1 whereas the BLR

emission line widths range from ∼ 1000 km s−1 to

∼ 10000 km s−1. The absorption lines are gener-

ally narrow with typical FWHM of the order of a

few hundred km s−1. Thus, the poor spectral resolution

of UVIT gratings may not allow for the separation of the

emission and absorption lines. This may affect the mea-

surement of continuum emission as our spectral window

is populated with prominent broad and narrow emis-

sion/absorption lines. In order to separate the discrete

features and to measure the continuum shape reliably,

we made use of the high resolution (FWHM(FOS)∼
230 km s−1; FWHM(COS)∼ 17 km s−1) HST spectra.

We first measure the emission/absorption lines in the

HST spectra and use the measured line widths and po-

sitions to fit the UVIT grating spectra. For our spectral

fitting, we used the Sherpa package developed for the

Chandra X-ray observatory. We used χ2 statistics to

find the best fit and calculated errors on the best-fit

parameters at the 1σ (68%) confidence level.

5.1. COS/FOS Spectral Analysis

We first converted the fluxed HST spectra into PHA

spectral data and diagonal response using the ft-

flx2xsp tool available within the HEASOFT package.

This allowed us to treat the HST and the UVIT spec-

tral data in the same fashion. For each source, we

used a common energy band 0.007− 0.0098 keV for the

UVIT/FUV and the HST data. We used a simple red-

shifted power-law (ZPOWERLAW) model for the underlying

UV continuum in the observed spectrum. We reddened

the continuum to account for the Galactic extinction

using the REDDEN model component with a single pa-

rameter – the color excess (EB−V ). We kept this pa-

rameter fixed at the values listed in Table 1. These

values were calculated using Eq. 6. We also tested the

model with the color excess calculated using the relation

NH = 5.8×1021EB−V provided by Bohlin et al. (1978).

We found that these color excesses generally resulted in

inferior fits compared to those calculated from Eq. 6,

which we continued to use in the subsequent analysis.

Next, we added Gaussian components for the emission

lines after inspecting the residuals. The most prominent

lines observed are C IV λ1449.5 Å, Si IV/O IV] λ1400 Å,

Lyα λ1215.7 Å and He II λ1640 Å. For most of these

broad emission lines, we used two Gaussian profiles –

broad and narrow components. The line widths are

of the order of few thousand km s−1, typical of the

BLR lines. A few more emission lines are added if re-

quired which are, O III]/Al II λ1664.7 Å, C II λ1335 Å,

O I/Si II λ1305 Å, Si II λ1262.6 Å, and N V λ1241 Å (see

Table 4 and 5).

In the case of MR 2251–178, we used three Gaus-

sian lines for each of the C IV and Lyα emission lines.

One of the C IV lines is blue-shifted by 13 Å in the

source rest frame, indicating the possible presence of

outflows. For Mrk 841 and SWIFT1921, we used a single

component Gaussian emission line (N IV] λ1485 Å) at

1485 Å (FWHM ∼ 1704 km s−1) and 1486 Å (FWHM∼
2200 km s−1), respectively. For I Zw 1, some of the

emission lines (C II, N V and O I) are blue-shifted or

red-shifted by 5 − 12 Å. We list these additional weak

emission lines of Mrk 841, MR 2251-178, SWIFT1921

and I Zw 1 in Table 6. We added the absorption lines,

which further improved the fit significantly. We list the

rest wavelength, observed energy, width, and strength

for the absorption lines in HST spectra of six sources in

Appendix Table A1 and A2.
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Table 3. Comparison of Balmer decrements ob-
tained from our best-fit values and those found in
the literature.

Sources Hα
Hβ

(best-fit) Hα
Hβ

(Literature)

Mrk 841 x 4.82a

MR 2251–178 x 5.62b

PG0804 2.749+0.002
−0.002 −

NGC 7469 x 5.4a

I Zw 1 3.9+0.1
−0.1 4.8c

SWIFT1921 x 3.6c

Mrk 352 x 2.67c

SWIFT1835 x 4.43d

Note— a Cohen (1983); b Canizares et al. (1978);
c Osterbrock (1977); d (Popović 2003). ‘x’: Not
required in the modelling; ‘–’: Not found in Liter-
ature.

Although the iron emission is weak in the FUV band,

nevertheless, we tested for the presence of the Fe II

complex. For all the sources except for MR 2251-178,

Mrk 352 and SWIFT1835, the addition of this compo-

nent improved the χ2 by more than 5 per degree of free-

dom (dof).

Next, we used the intrinsic reddening model, described

in section 4.2, with the initial values of Balmer decre-

ment set to those found from the literature which ranges

from 2.67 − 5.6 (see Table 3). If we fix the ratio at the

values obtained from the literature, the fits worsened.

Therefore, we left the parameter to vary and the fits

improved significantly. We needed the intrinsic redden-

ing only for two AGN – PG0804 and I Zw 1. We listed

the best-fit values in Table 3. We calculated the errors

on the best-fit Balmer decrements by fixing the emis-

sion and absorption line centroids at their best-fit values.

In I Zw 1, the color excess calculated from the Balmer

decrement is ∼ 0.23+0.02
−0.02, which is slightly higher than

that obtained using O I λ1302/O I λ8446 line ratios

(E(B − V ) ∼ 0.19, Rudy et al. 2000).

NGC 7469 is known to host starburst regions around

the AGN located at 1′′ − 3′′ and 8′′ − 10′′ from the cen-

ter (Mauder et al. 1994; Mehdipour et al. 2018). For

our wavelength range of interest and the spectral ex-

traction region (both in the HST and UVIT spectra),

we account for the contribution from the starburst re-

gions by using a template spectrum. Kinney et al. (1996)

have generated six starburst template spectra suitable

for different extinctions such as E(B − V ) ≤ 0.1 (SB1),

0.20 − 0.21 (SB2), 0.25 − 0.35 (SB3), etc. We gen-

erated starburst template models using the starburst

template spectra by introducing a single parameter –

a normalization which is a multiplicative factor. We

tested all the starburst template models from SB1 to

SB6. Only SB3 resulted in a very marginal improve-

ment with ∆χ2 = −3 for an additional parameter.

Mehdipour et al. (2018) also found the suitability of the

SB3 template for NGC 7469. The spectral indices ob-

tained in our analysis for MR 2251–178 and NGC 7469

are slightly different (see Table 7) than that obtained by

Kuraszkiewicz et al. 2004 (α = −0.82+0.01
−0.03 for MR 2251–

178 and −1.1 ± 0.01 for NGC 7469). They derived

the slope using line-free regions and for a wider band

(∼ 1250 − 3100 Å), while we fitted the continuum and

the lines simultaneously in the narrower 1300− 1800 Å

band. We also used slightly different values of EB−V for

the Galactic reddening based on the updated relation

between the Galactic column density and the extinction

(Eq. 6). These differences in the analyses likely resulted

in different spectral indices.

The spectrum of Mrk 352 showed the presence of ex-

tremely narrow emission lines in the observed frame at

1302 Å, 1305 Å and 1306 Å with FWHM ∼ 150 −
200 km s−1 in addition to the broad emission lines.

These narrow emission lines observed at the exact po-

sition of O I λλλ1302, 1305, 1306 Å triplet are highly

unlikely to be related to the AGN, and could possibly be

of the Galactic origin. We obtained the best-fit reduced

χ2 for HST spectral fits in the range of 0.6 (Mrk 352)

to 1.6 (NGC 7469). The poor quality of the fit to the

spectrum of NGC 7469 is most likely due to absorption-

like broad features at ∼ 1250 Å which are likely due

to multiple narrow absorption lines of N V. We did not

attempt to fit very weak features which are unlikely to

affect continuum parameters significantly. We show the

HST spectra and the corresponding best-fit models in
the left panels of Fig. 6, 7 and 8.

5.2. UVIT Spectral Analysis

We started the fitting of UVIT grating data using the

same set of parameters derived from the HST spectral

analysis. Initially, we fixed all the parameters except the

normalization and photon index of ZPOWERLAW. We used

a multiplicative constant factor for scaling the emission

line fluxes. This allowed us to preserve the line ratios

obtained from the HST data. We also used another

constant factor to account for any difference in cross-

calibration between the UVIT/FUV-G1 and FUV-G2.

We fixed the color excess parameter for the Galactic

reddening model REDDEN as in the case of HST spec-

tral fitting. We also fixed the Balmer decrement param-

eter in the intrinsic reddening model for AGN unless
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Figure 6. Top panels: (a) HST/COS (red: 160M, blue: 130M) and (b) UVIT/FUV grating (orange: FUV-G1; green: FUV-G2)
spectra of Mrk 841, and the best-fit models. Lower panels: fit-residuals in terms of the deviations sigma = (data − model)/error.
The prominent emission lines – He II λ1640 Å, C IV λ1549 Å, Si IV/O IV]λ1400 Å, O I/Si IIλ1305 Å, Lyαλ1215.7 Å are marked
with vertical dashed lines at their wavelengths in the observed frame.

mentioned otherwise. First, we varied the emission line

scaling factor, the constant factor between the two grat-

ings and the power-law slope. If we see strong residuals

near emission lines or the fit is statistically not accept-

able, we allowed to vary line centroids and/or widths and

check the improvement in the fit. Thus we accounted for

any change in the power-law continuum and the emis-

sion lines which might have occurred since the HST and

UVIT observations were non-simultaneous, and the type

1 AGN are known to exhibit spectral variability in the

UV band (Reichert et al. 1994; O’Brien et al. 1998; Pe-

terson & Wandel 1999; Wang et al. 2011; Miranda et al.

2021).

Once we finalized the spectral fits with the redshifted

power-law (ZPOWERLAW) component, we used the follow-

ing accretion disk models (in place of the ZPOWERLAW

component) for the continuum emission from each AGN.

(i) Simple multi-temperature accretion disk black-

body (DISKBB; Mitsuda et al. 1984).

(ii) Fully-relativistic accretion disk around a Kerr

black hole (ZKERRBB; Li et al. 2005).

(iii) Accretion disk with Novikov and Thorne Temper-

ature profile (OPTXAGNF; Done et al. 2012).

Below we describe the spectral analysis for individual

sources.

5.2.1. Mrk 841

We fitted both FUV-G1 and FUV-G2 spectra jointly.

Part of the Lyα line falls around the edge of the spec-

trum at ∼ 9.7 eV. Therefore, we removed the entire

Lyα line region from the spectrum, which resulted in

our analysis region of 7 − 9.5 eV (see Fig. 6(b)). We

varied the emission line scaling factor, redshifted power-

law normalization and the photon index. This resulted

in χ2 of 864 for 323 dof. Then we varied the widths

and the centroids of C IV emission lines. This improved

the fit to χ2/dof = 410/320. We obtained the best-fit

photon index, Γ ∼ 1.36 (Table 7) and the emission line

scaling factor, fsc ∼ 0.69 (Table 4).

The UV continuum emission is thought to arise from

the accretion disks in AGN. We first tested the sim-

ple multi-color accretion disk model, DISKBB (Mitsuda

et al. 1984). This model assumes a geometrically thin

disk with each annulus emitting like a blackbody at

the local temperature. The resulting spectrum consists

of a superposition of multiple blackbody components

with the highest temperature corresponding to the in-

nermost disk. It does not consider the relativistic ef-

fects of the extreme gravity near the black hole. We

convolved the DISKBB component with the ZASHIFT to

derive the emission in the source rest frame. This model

provided χ2/dof = 414/320 with the inner disk temper-

ature (kTin) of ∼ 5.8 eV.
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Next, we considered a fully relativistic accretion disk

model ZKERRBB (Li et al. 2005). This uses a ray trac-

ing method for photon trajectory in each annulus. The

disk is divided into a number of image elements. The

orbit of the photon from each element is traced back-

ward from the observer to the plane of the disk. Con-

sidering all the relativistic effects, individual flux density

at each element is summed over all elements to obtain

the observed flux density. For black holes with mass

≥ 106M�, the hardening factor is estimated to be ∼ 2.4

(Done et al. 2012). We have considered isotropic emis-

sion from the disk, such that the limb darkening effect is

not included. Also, we assumed zero torque at the inner

boundary. We varied only the inclination, mass accre-

tion rate, and normalization and performed the fit. We

considered two cases of the spin parameter (a?): 0 and

0.998. As the inclination angle is not well constrained,

we tested the model for a fixed inclination angle, i. Nan-

dra et al. (1997) estimated inclination angles of 27◦+7
−8

and 38◦+2
−12 based on X-ray reflection spectroscopy for two

sets of observations made in 1993 and 1994 using ASCA.

Keeping the inclination fixed at the lower end, i.e., 20◦

resulted in χ2/dof = 461/321 and mass accretion rate

of ∼ 0.38 M� yr−1 for a? = 0.998. The normalized mass

accretion rate (ṁ = Ṁ/ṀE ) is ∼ 0.3 with a? = 0.998

and ∼ 0.5 with a? = 0. The best-fit parameters are

listed in Table 7.

Many AGN are known to show excess emission in the

soft X-ray band below 2 keV which could arise due to

thermal Comptonization in the inner disk region. In

such a scenario the standard disk is likely truncated at

some radius (rcor) larger than the innermost stable circu-

lar orbit (ISCO). For r > rcor disk emission is modified

black body spectrum. This is described by OPTXAGNF

(Done et al. 2012) available in XSPEC. We used this

model to obtain the disk contribution only by making

rcor negative. This model utilizes the temperature pro-

file of a relativistic accretion disk but unlike the ZKERRBB

model, it does not consider the general relativistic ef-

fects on photon propagation. Again, we used two cases

with spin parameter, a? = 0.998 and 0. We obtained

χ2/dof = 412/320 for the a? = 0.998. The best-fit Ed-

dington ratio (L/LEdd) is ∼ 1.3. For the non-rotating

case, the fit resulted in χ2/dof = 416/320. The L/LEdd
in this case is ∼ 0.3. Although the OPTXAGNF model

generates the accretion disk model by setting the rcor

negative, some fraction of the accretion power also goes

to the warm and hot comptonization component. There-

fore we extrapolated the model from 0.0001−10 keV and

calculated the disk luminosity (LBol) by integrating the

model. The Eddington ratios are, LBol/LEdd = 1.7 for

a? = 0.998 and 0.3 for a? = 0. The difference in the

χ2 between the two disk models ZKERRBB and OPTXAGNF

arises largely due to the variation in the color-correction

factor (fcol). In the case of ZKERRBB model, this factor is

fixed at 2.4 at all radii, whereas, in the case of OPTXAGNF

model, it varies from 1 to a higher value (∼ 2.7) de-

pending on the local effective disk temperature (Teff )

as follows (see Done et al. 2012),

fcol =


1 ; Teff < 3× 104 K(

Teff
3×104 K

)0.82

; 3× 104 K ≤ Teff < 105 K(
72 keV

kTeff ( keV)

) 1
9

; Teff & 105 K

(8)

As described below, we followed a similar procedure

for spectral analysis of the rest of the sources, and list

the best-fit spectral parameters in Table 4, 5, 6 and 7.

5.2.2. MR 2251–178

After varying the simple power-law index, normal-

ization, and scaling factor to the emission lines and

emission line centroids, some residuals still remained

which could be due to additional emission lines. To

account for these residuals, we added an emission line

at 1243 Å (N Vλ1241 Å) which was not detected in the

HST spectrum (Table 4). This improved the χ2 by 62

for three additional parameters. Further, we added one

more line near the C IV region at 1561 Å (C IVλ1549 Å)

which resulted in ∆χ2 = −29 for three additional pa-

rameters. The FWHM and line normalization of C IV

are 3861 km s−1 and 0.06+0.01
−0.01, respectively. The best-

fit model consisting of redshifted power-law and emis-

sion lines resulted in χ2/dof = 203/166 (Fig. 7(b))

with Γ ∼ 2.1 and the scaling factor for the emis-

sion lines, fsc ∼ 1.3. The DISKBB model resulted in

χ2/dof = 205/166 with the best-fit inner disk temper-

ature of kTin = 3.6+0.4
−0.3 eV. This is lower than that

derived (kTin ∼ 6.27 eV) for the HST/COS observa-

tion performed in 2020 (Mao et al. 2022). The disk

temperature can vary depending on the accretion rate

and thereby the disk luminosity. As discussed below,

we obtained nearly five times lower accretion rate than

that derived by Mao et al. 2022 (∼ 2.5 M� yr−1). In

the relativistic accretion disk model ZKERRBB with i, Ṁ

and normalization as free parameters, we could not con-

strain the i and Ṁ . Brunner et al. (1997) estimated

an inclination angle of 70◦ by fitting the standard disk

model to the IUE and ROSAT data. A recent study

using X-ray reflection suggested that the inclination

angle is ∼ 25◦ (Nardini et al. 2014). We obtained the

χ2/dof = 242/167 (a?= 0.998) and Ṁ ∼ 0.26 M� yr−1
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(ṁ ∼ 0.03) for inclination angle, i = 25◦. For a?= 0,

we obtained χ2/dof = 226/167 and Ṁ ∼ 0.46 M� yr−1

(ṁ ∼ 0.06). With i = 70◦ the fit worsened by

∆χ2 = −13. We obtained χ2/dof = 205/166 with

OPTXAGNF for both the spin cases. The model integrated

Eddington ratios are, LBol/LEdd = 0.045 (a? = 0.998 )

and ∼ 0.04 (a? = 0). We obtained the inner disk to be

truncated at a radius ∼ 16rg, which indicates the fcol
may be close to 1. This is apparent from the best-fit

model with ZKERRBB as continuum component where

the χ2 worsened by −37.

5.2.3. PG 0804+761

We fitted both FUV and NUV spectral data jointly.

We used the same set of parameters derived from the

COS data for the FUV grating and varied the power-

law components, the fsc and line centroids of emis-

sion lines. As there are no HST spectra available in

the NUV band (2200 − 2700 Å), we added emission

lines in the NUV band as required by the data and

using Berk et al. (2001) for line identification. First,

we added Si III]λ1892 Å which resulted in ∆χ2 of

−1535 for 3 parameters. We allowed the line cen-

troid to vary within the range provided by Berk et al.

(2001) and fixed it to the best-fit value. The cen-

troid (rest wavelength), FWHM and the normalization

of Si III] emission line are 1896.5 Å, 10965+613
−585 km s−1

and 0.27+0.01
−0.01 photons cm−2 s−1, respectively. Though

the COS data did not show Fe II emission, we tested

for the presence of Fe II complex in the entire FUV to

NUV band. The addition of this component improved

the statistic by ∆χ2 = −49 for one parameter. We fixed

the sigma at 10−5 eV due to the poor spectral resolu-

tion of UVIT. We further added an emission line for

Si II/[Ne III] λ1817; 1815 Å at 1818 Å that resulted in

the ∆χ2 of −30. The FWHM and the line normalization

are 7961+2138
−1852 km s−1 and 0.06+0.01

−0.01 photons cm−2 s−1,

respectively. Addition of another emission line for

[Ne IV] λ2423 Å at 2438 Å further improved the

fit (∆χ2 of −48) for three additional parameters. The

FWHM and the line normalization are 9115+1986
−1781 km s−1

and 0.039+0.006
−0.006 photons cm−2 s−1, respectively. Finally,

to account for an excess near 2086 Å, the addition of an

emission line due to Fe III λ2076 Å improved the statis-

tic by ∆χ2 = −33 for three additional parameters. The

FWHM and the line normalization are 3751+2867
−3733 km s−1

and 0.018+0.003
−0.003 photons cm−2 s−1, respectively. Some

of these lines may have broadened due to the emission

from Fe III around this region. We fixed the widths

and line centroids of NUV emission lines at the best-fit

values in subsequent analysis. We did not detect the

emission from the Balmer continuum (2000 − 4000 Å)

as the fit did not improve after adding this model. The

best-fit parameters are shown in Table 4 and 7. We

obtained the final χ2/dof = 401/331 with Γ ∼ 1.46 (see

Fig. 7(d)). With DISKBB the fit worsened by ∆χ2 = +68

with the χ2/dof = 469/331 and inner disk tempera-

ture (kTin) of ∼ 4.3 eV. Jiang et al. (2019) estimated

an inclination angle, i = 65◦+14
−9 based on X-ray reflec-

tion spectroscopy. The ZKERRBB with i = 65◦ provided

χ2/dof = 616/332 (a? = 0.998) and 558/332 (a? = 0).

We found Ṁ ∼ 4.7 M� yr−1 (ṁ ∼ 0.4) for a? = 0.998

and 7.4 M� yr−1 (ṁ ∼ 0.6) for a? = 0.

As we have wider wavelength coverage for this source,

we varied i and Ṁ keeping the normalization fixed at 1.

As the temperature estimated by DISKBB is somewhat

low for a maximally spinning black hole (see Fig. 12),

we expect the fcol to be close to 1. With fcol fixed at

1, for a? = 0.998, we obtained χ2/dof = 464/331 with

i < 10◦ and Ṁ = 0.62+0.01
−0.01 M� yr−1. For a? = 0,

we obtained χ2/dof = 455/331 with i = 60◦+5
−5 and

Ṁ = 2.9+0.4
−0.3 M� yr−1. Fixing the fcol to 2.4 af-

fected the χ2 much more than for other sources (e.g.,

Mrk 841, NGC 7469 or Mrk 352) since the NUV emis-

sion region would be lying farther away from the SMBH

and thereby, at a much lower temperature than 105 K.

Therefore, the worsening of fit with the ZKERRBB model

as compared to the DISKBB model can be attributed to

the high fcol. The OPTXAGNF model resulted in χ2/dof

= 432/331 (a? = 0.998) and 440/331 (a? = 0) and the

Eddington ratios are, LBol/LEdd = 0.6 (a? = 0.998)

and 0.1 (a? = 0). The a? = 0.998 resulted in a better fit

for both the continuum models, OPTXAGNF and ZKERRBB

which indicates the SMBH is likely to be associated with

high spin (Piotrovich et al. 2020; Jiang et al. 2019).

5.2.4. NGC 7469

We varied the amplitude of the starburst template

model as the UVIT spectral extraction region will have

a contribution from both the starburst rings (see Fig. 3)

while the HST/FOS aperture (0.9′′ diameter) includes

only the inner ring. Varying the amplitude of the

starburst template model resulted in an improved fit

with ∆χ2 of −8 with a flux contribution of 7.3 ×
10−12erg cm2 s−1 (fractional contribution of 0.2 relative

to the continuum) in the 1270−1770 Å band. The best-

fit model provided χ2/dof = 381/347 with Γ ∼ 1.64 (see

Fig. 7(f)). The emission line scaling factor is ∼ 1.07.

The best-fit model with the DISKBB as the continuum

component resulted in χ2/dof = 384/347 with an inner

disk temperature of kTin ∼ 4.4 eV. Using broadband

UV/X-ray spectral data acquired with the IUE/RXTE

in 1996, Petrucci et al. (2004) obtained the disk tem-
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Figure 7. Same as Fig. 6 but for MR 2251–178 (a,b), PG 0804+761 (c,d), and NGC 7469 (e,f). Left panels: HST/COS (red:
160M; blue: 130M), HST/FOS (magenta). Right panels: UVIT/FUV (orange: FUV-G1; green: FUV-G2) and UVIT/NUV-G
(pink).
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Figure 8. Same as Fig. 6 but for I Zw 1 (a,b), SWIFT1921 (c,d) and Mrk 352 (e,f). Left panels: HST/COS (red: 160M; blue
and cyan: 130M). Right panels: UVIT/FUV (orange: FUV-G1; green: FUV-G2).
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perature, kTin ∼ 2 eV. They varied the Galactic extinc-

tion and obtained the EB−V ∼ 0.12 using the extinction

curve of Seaton (1979). Mehdipour et al. (2018) found

a disk temperature of ∼ 1.4 eV in their broadband SED

modelling using HST/COS, Swift/UVOT, and Chandra

observations in 2015. They used the line-free windows

of COS as in their broadband modelling. Both Petrucci

et al. (2004) and Mehdipour et al. (2018) used Comp-

tonised accretion disk models where they approximated

the disk emission as either the Wien tail or single tem-

perature simple blackbody instead of multi-temperature

disk blackbody. The other emission components such as

the soft X-ray excess and primary X-ray continuum be-

ing produced as the Comptonisation of the blackbody

emission may also be affecting the determination of the

temperature. These differences in the accretion disk

models and/or Galactic extinction, in addition to the

higher flux (∼ 60%) in the UVIT data as compared to

the FOS data, may have resulted in different disk tem-

peratures.

Using different methods e.g., Fe Kα line, BLR orien-

tation, the inclination angle has been estimated to be

∼ 11◦, 24◦ to 45◦ − 50◦ (Patrick et al. 2011; Nguyen

et al. 2021). The ZKERRBB model with inclination angle

fixed at 20◦ resulted in χ2/dof = 428/348 (a? = 0.998)

and 424/348 (a? = 0). The mass accretion rates are ∼
0.09 M� yr−1 (ṁ ∼ 0.4) and ∼ 0.1 M� yr−1 (ṁ ∼ 0.45)

for a? = 0.998 and 0, respectively. The OPTXAGNF model

resulted in χ2/dof = 383/347 and LBol/LEdd = 0.15

for both the spin cases. This source also indicates trun-

cation of disk at a radius (∼ 90rg) larger than ISCO.

5.2.5. I Zw 1

We obtained χ2/dof = 141/173 for the best-fitting

power-law continuum with Γ ∼ 1.65, and the emis-

sion lines scaling factor of ∼ 0.82 (see Fig. 8(b)). The

DISKBB model provided the χ2/dof = 148/173 with

kTin ∼ 4.2 eV. The ZKERRBB model with an incli-

nation angle of 42◦(Porquet et al. 2004) resulted in

χ2/dof = 145/174 for both the spin cases. We obtained

high relative accretion rates, ṁ ∼ 6.6 for a? = 0.998

and 8.5 for a? = 0. We obtained, LBol/LEdd = 0.9

(a? = 0.998) and 1.06 (a? = 0), in the case of OPTXAGNF

model.

5.2.6. SWIFT J1921.1–5842

We obtained χ2/dof = 377/321 for a simple power-

law model as the continuum with Γ ∼ 0.7 and fsc ∼ 0.75

(Fig. 8(d)). The addition of an intrinsic reddening model

did not improve the fit, and, we did not include this

component. The DISKBB model resulted in χ2/dof =

378/321 with best-fit kTin > 23 eV, the upper limit

could not be constrained as the BBB peak lies far away
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Figure 9. The best-fit ZKERRBB (i = 30◦ and a? = 0)
and OPTXAGNF (a? = 0) models for SWIFT1921 based on
the UVIT/FUV grating spectra. The gray-shaded region
marks the FUV energy band. The two models differ in shape
particularly around this band resulting in different values of
the χ2 fit-statistic.

from our FUV band and in the unobservable part of the

SED.

With the ZKERRBB as continuum component, we ob-

tained χ2/dof = 378/322 for a? = 0.998 and χ2/dof =

380/322 for a? = 0 with inclination angle set to 30◦ es-

timated previously by Gondoin et al. (2003). The nor-

malized mass accretion rate, ṁ ∼ 1.3 for a? = 0.998 and

∼ 1.8 for a? = 0. We obtained χ2/dof = 475/321 for

a? = 0.998 with OPTXAGNF and χ2/dof = 492/321 for

a? = 0 and the Eddington ratios are, LBol/LEdd = 5.9

(a? = 0.998) and 1.1 (a? = 0).

We obtained a large difference in χ2 between the

OPTXAGNF and ZKERRBB models which is largely due to

the variation in color-correction factor, fcol. As the ef-

fective disk temperature rises with the decrease in radius

and reaches to ∼ 105 K (8.6 eV) at a certain radius, the

FUV continuum slope changes sharply. This change oc-

curring in the FUV band is shown in Fig. 9. It occurs

due to the variation in fcol as a function of local effec-

tive temperature as given by Eq. 8 (see also Figure 1

in Zdziarski et al. 2022). While in the ZKERRBB model,

the slope remains almost constant up to ∼ 20 eV due

to the constant fcol. As mentioned earlier, with the

DISKBB model we obtained the peak disk temperature

(kTin) > 23 eV (2.6× 105 K), which is higher than the

transition temperature, 105 K (see Eq. 8). Thus, the

flattening of spectral slope due to the change in the fcol
alters the shape of the continuum in the UVIT band,
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Figure 10. Same as Fig. 6(b) but for SWIFT1835
(UVIT/FUV-G1).

leading to different values of χ2 for the ZKERRBB and

OPTXAGNF models.

5.2.7. Mrk 352

For the simple power-law continuum, we obtained the

final χ2/dof = 349/346 after varying the line widths

and centroids of C IV line components in comparison

to that obtained for the HST data (see Table 5 and

Fig. 8(f)). After inspecting the residuals, we added a

Gaussian line to account for the He II λ1640 Å emis-

sion line. This resulted in χ2/dof = 335/345 with

Γ ∼ 1.79. The DISKBB model resulted in χ2/dof =

335/345 with kTin ∼ 3.9 eV. With ZKERRBB model,

for i = 10◦ (chosen arbitrarily) resulted in χ2/dof

= 355/346 (a? = 0.998) and 353/346 (a? = 0) and

ṁ ∼ 0.14 (a? = 0.998) and 0.21 (a? = 0). We obtained

χ2/dof = 335/345 with OPTXAGNF for both the spin

values and the Eddington ratios are, LBol/LEdd = 0.04

(a? = 0.998) and 0.004 (a? = 0).

5.2.8. SWIFT J1835.0+3240

HST data are not available for this source. We fitted

three emission lines and a redshifted power-law contin-

uum. This provided a satisfactory fit (Fig. 10) with

χ2/dof = 111/169 and Γ ∼ 2.1. Using the intrinsic red-

dening model with the Balmer decrement fixed at 4.43

(Popović 2003) did not improve the fit, therefore we did

not use this component. The DISKBB model resulted in

a similar χ2 as the simple power-law model. We ob-

tained the best-fit inner disk temperature of ∼ 3.7 eV.

ZKERRBB resulted in χ2/dof = 112/170 with i = 30◦

(Sambruna et al. 2011). We obtained the Eddington ra-

tios, LBol/LEdd = 0.003 (a? = 0.998) and 0.006 (a? =

0) with the OPTXAGNF model.

6. DISCUSSION

We analyzed AstroSat/UVIT grating observations of

eight nearby AGN with black hole masses ranging from

106−109M�, and studied the shape of the intrinsic con-

tinuum. We confirm the presence of strong emission

lines due to C IV, N V, He II, Lyα and Si IV/O IV].

The equivalent width (EW) of these broad emission

lines fall in the range 12 − 218 Å (Lyαλ1216 Å),

2−56 Å (N Vλ1241 Å), 4−32 Å (Si IV/O IV])λ1400 Å,

5−263 Å (C IVλ1549 Å) and 0.4−26 Å (He IIλ1640 Å).

We found emission line variations as large as ∼ 30%

compared to the line strengths found in the HST ob-

servations. Though the Fe II line complex is weak be-

low 1800 Å, we detected this complex in five sources

with fractional contributions of 0.002 (Mrk 841), 0.008

(PG0804), 0.006 (NGC 7469), 0.05 (I ZW 1) and 0.01

(SWIFT1921) in the 1278−1770 Å band relative to the

continuum.

We accounted for the intrinsic and the Galactic red-

dening, host galaxy contamination, and emission lines

from the BLR and NLR, and derived the intrinsic con-

tinua from the observed UVIT grating spectra. We mea-

sured the spectral slopes, α ∼ −1.1 to 0.3, of the intrin-

sic power-law continua. These slopes are comparable to

those obtained from earlier studies. Stevans et al. (2014)

observed the spectral index α to range from −0.36 to

−2.76 using line-free spectral regions for 159 AGN using

HST/COS (1200−2000 Å). Shull et al. (2012) observed

slope α ranging from−0.25 to−1.72 in 1200−2000 Å for

their sample of 22 AGN using HST/COS. These studies

did not account for the contamination of Fe II emission

or the intrinsic reddening.

The UV slopes of observed spectra are strongly af-

fected by intrinsic reddening due to the dust and gas

in the host galaxies (Koratkar & Blaes 1999). This is

one of the major uncertainty in deriving the accretion

disk continuum. We used the empirical relation given

by Czerny et al. (2004) where we used Balmer decre-

ment as a reddening indicator. This relation is thought

to describe the intrinsic extinction of AGN appropri-
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Table 4. The best-fit emission line parameters derived from the HST and UVIT spectra of the AGN. The symbols used are as follows.
fsc: multiplicative constants used for the strengths of emission lines in the UVIT grating spectra relative to those in the HST spectra, λo:
line centroid in Å in the source rest frame, vFWHM : FWHM of lines in km s−1, fline: line flux in units of photons cm−2 s−1.

Objects
Mrk 841 MR 2251–178 PG0804 NGC 7469

HST UVIT HST UVIT HST UVIT HST UVIT

fsc 1 0.69+0.02
−0.02 1 1.32+0.02

−0.02 1 0.99+0.03
−0.03 1 1.07+0.02

−0.02

Lyα λ1215.7 Å λo(Å) 1214.9 * 1214.8 1220 1214.8 1222 1218.1 *

vFWHM 5383 * 11682 * 10681 * 3367 *

fline 0.196+0.001
−0.001 * 0.40+0.01

−0.01 * 0.538+0.004
−0.004 * 0.215+0.004

−0.004 *

λo(Å) 1216.3 * 1215.1 1210 1215.2 * 1216.3 *

vFWHM 716 * 3779 * 2542 * 901 *

fline 0.0420+0.0003
−0.0003 * 0.32+0.01

−0.01 * 0.306+0.002
−0.002 * 0.057+0.003

−0.003 *

N V λ1241 Å λo(Å) 1249 * x 1242 1240.6 1245 1241.2 *

vFWHM 6652 * x 3864 3308 * 7120 *

fline 0.021+0.001
−0.001 * x 0.04+0.01

−0.01 0.100+0.001
−0.001 * 0.131+0.004

−0.004 *

Si II λ1262.6 Å λo(Å) 1260 * 1264.5 * 1260.3 * x x

vFWHM 440 * 1994 * 4197 * x x

fline 0.0024+0.0001
−0.0001 * 0.005+0.001

−0.001 * 0.038+0.001
−0.001 * x x

O I/Si II λ1305 Å λo(Å) 1305 * 1304 * 1309 * 1304.6 *

vFWHM 2435 * 3321 * 1435 * 3876 *

fline 0.0032+0.0002
−0.0002 * 0.014+0.001

−0.001 * 0.0098+0.0003
−0.0003 * 0.017+0.002

−0.002 *

C II λ1335 Å λo(Å) x x x x x x 1337 *

vFWHM x x x x x x 3373 *

fline x x x x x x 0.02+0.001
−0.001 *

Si IV λ1400 Å λo(Å) 1398.8 * 1400 * 1399 1403 1400.1 *

vFWHM 6788 * 4758 * 5060 * 5724 *

fline 0.0368+0.0004
−0.0004 * 0.037+0.001

−0.001 * 0.104+0.001
−0.001 * 0.092+0.002

−0.002 *

C IV λ1549 Å λo(Å) 1551.5 1561 1548 1559.6 1548 * 1549.2 *

vFWHM 10229 * 15925 * 6648 10569 7180 *

fline 0.204+0.002
−0.002 * 0.300+0.002

−0.002 * 0.223+0.004
−0.004 * 0.323+0.004

−0.004 *

λo(Å) 1542 1548 1548 1550 1548 * 1550.0 *

vFWHM 3213 5282 2585 * 2202 * 1934 *

fline 0.267+0.003
−0.003 * 0.154+0.002

−0.002 * 0.092+0.004
−0.004 * 0.125+0.004

−0.004 *

He II λ1640 Å λo(Å) 1640 * 1613.5 * x x 1630.1 *

vFWHM 11332 * 3644 * x x 13804 *

fline 0.058+0.002
−0.002 * 0.014+0.001

−0.001 * x x 0.093+0.005
−0.005 *

λo(Å) 1641 * x x x x 1639.7 *

vFWHM 250 * x x x x 725 *

fline 0.0032+0.0002
−0.0002 * x x x x 0.007+0.001

−0.001 *

O III]/Al IIλ1664.7 Å λo(Å) 1665 * 1651 * x x x x

vFWHM 1612 * 4229 * x x x x

fline 0.0036+0.0004
−0.0004 * 0.18+0.05

−0.05 * x x x x

Note— ‘*’ ≡ same as HST; ‘x’ ≡ not detected.
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Table 5. Same as Table 4, but for I Zw 1, SWIFT1921, Mrk 352 and SWIFT1835. Since, for these sources, the emission line
O III]/Al IIλ1664.7 Åis not detected, this row is omitted from this table.

Objects
I Zw 1 SWIFT1921 Mrk 352 SWIFT1835

HST UVIT HST UVIT HST UVIT UVIT

fsc 1 0.82+0.05
−0.05 1 0.75+0.02

−0.02 1 1.18+0.01
−0.01 –

Lyα λ1215.7 Å λo(Å) 1212.8 * 1214.2 * x x 1213.5

vFWHM 4964 * 6823 * x x 12193

fline 1.08+0.12
−0.17 * 0.591+0.002

−0.002 * x x 0.27+0.03
−0.02

λo(Å) 1215 * 1215.5 * x x x

vFWHM 1024 * 1820 * x x x

fline 0.72+0.08
−0.17 * 0.193+0.001

−0.001 * x x x

N V λ1241 Å λo(Å) 1237 * 1241.6 * x x x

vFWHM 2922 * 3189 * x x x

fline 0.52+0.05
−0.11 * 0.127+0.001

−0.001 * x x x

Si II λ1262.6 Å λo(Å) 1262.4 * x x x x x

vFWHM 1461 * x x x x x

fline 0.11+0.01
−0.02 * x x x x x

O I/Si II λ1305 Å λo(Å) 1305 * 1304 * x x x

vFWHM 905 * 2483 * x x x

fline 0.10+0.05
−0.02 * 0.0110+0.0004

−0.0004 * x x x

C II λ1335 Å λo(Å) 1334 * x x x x x

vFWHM 1038 * x x x x x

fline 0.039+0.003
−0.008 * x x x x x

Si IV λ1400 Å λo(Å) 1397 * 1397.3 * 1399.4 * 1394.6

vFWHM 3332 * 5969 * 4592 * 6757

fline 0.28+0.02
−0.09 * 0.121+0.001

−0.001 * 0.0073+0.0003
−0.0003 * 0.02+0.01

−0.01

C IV λ1549 Å λo(Å) 1539 * 1547.0 * 1547 1543 1542.7

vFWHM 3477 * 10148 * 9044 * 7474

fline 0.22+0.02
−0.04 * 0.50+0.01

−0.01 * 0.064+0.001
−0.001 * 0.26+0.02

−0.02

λo(Å) 1547 * 1549 * 1553.7 * x

vFWHM 1500 * 2381 * 2402 4821 x

fline 0.17+0.02
−0.03 * 0.198+0.003

−0.003 * 0.08+0.02
−0.02 * x

He II λ1640 Å λo(Å) x x 1640 * x 1644.6 x

vFWHM x x 16131 * x 7609 x

fline x x 0.29+0.01
−0.01 * x 0.018+0.005

−0.005 x

λo(Å) x x 1639 x x x x

vFWHM x x 981 x x x x

fline x x 0.008+0.001
−0.001 x x x x

Note— ‘*’ ≡ same as HST, ‘x’ ≡ not detected.
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Table 6. Same as Table 4, but for Mrk 841, MR 2251-178, I Zw 1 and SWIFT1921 for the additional weak emission lines
which are not mentioned in Table 4 and 5.

Objects
Mrk 841 MR 2251-178 I Zw 1 SWIFT1921

HST UVIT HST UVIT HST UVIT HST UVIT

Lyα λ1215.7 Å λo(Å) x x 1217 * x x x x

vFWHM x x 1856 * x x x x

fline x x 0.17+0.01
−0.01 * x x x x

N V λ1241 Å λo(Å) x x x x 1252 * x x

vFWHM x x x x 1383 * x x

fline x x x x 0.042+0.012
−0.004 * x x

O I/Si II λ1305 Å λo(Å) x x x x 1298 * x x

vFWHM x x x x 1784 * x x

fline x x x x 0.015+0.003
−0.007 * x x

λo(Å) x x x x 1310 * x x

vFWHM x x x x 541 * x x

fline x x x x 0.010+0.001
−0.001 * x x

C II λ1335 Å λo(Å) x x x x 1344 * x x

vFWHM x x x x 611 * x x

fline x x x x 0.008+0.001
−0.001 * x x

N IV] λ1486 Å λo(Å) 1485 * x x x x 1486 *

vFWHM 1704 * x x x x 2200 *

fline 0.0022+0.0002
−0.0002 * x x x x 0.0095+0.0006

−0.0006 *

C IV λ1549 Å λo(Å) x x 1536 * x x x x

vFWHM x x 2932 * x x x x

fline x x 0.039+0.002
−0.002 * x x x x

Note— ‘*’ ≡ same as HST, ‘x’ ≡ not detected.

ately. For many Seyfert 1s, Lu et al. (2019) found that

the Balmer decrement is distributed as a Gaussian with

a peak value of ∼ 3.16. For our sources, the best-fit

Balmer decrement is in the range of ∼ 2.75− 3.9 which

we obtained using the HST spectra. We observed neg-

ligible intrinsic reddening for all the sources except for

I Zw 1 (see Table 3). It is possible that the redden-

ing suffered by the far UV spectra is somewhat different

than that in the optical band, and the Balmer lines in

the optical band may not be the true indicators of ex-

tinction in the FUV band. For example, as noted by

Pottasch (1960), a higher optical depth of the higher or-

der lines in the Balmer series can affect the line ratio.

In this case, Hα radiation is scattered less while some

fraction of Hβ radiation is re-absorbed and emitted in

Paschen α and Hα and thereby further steepening the

ratio. Apart from hydrogen lines, other line ratios such

as He II λ1640/λ4686, O I λ1302/λ8446 can be used as

reddening indicator. As pointed out by Grandi (1983),

these line ratios also suffer from re-absorption or scat-

tering in such a way that may be seen as reddening.

Another possibility is that the continuum may not suf-

fer the same reddening as the broad emission lines. As

we derived the internal extinction by fitting the high-

resolution HST spectra (see section 5.1), some of the

above issues are unlikely to affect our results on the con-

tinuum shape.

6.1. Intrinsic far UV continuum and the

non-relativistic accretion disk model

The far UV spectra when fitted with the multi-

color accretion disk model (DISKBB), describing a non-



22 Kumar et al.

Table 7. Best-fit parameters of ZPOWERLAW model (abbreviated as ZPL) fitted to the HST and UVIT/Grating data and the DISKBB, ZKERRBB and the
OPTXAGNF models fitted to the UVIT grating data.

Model Parameters Mrk 841 MR 2251–178 PG0804 NGC 7469 I Zw 1 SWIFT1921 Mrk 352 SWIFT1835

ZPL (HST)

α −0.17+0.04
−0.04 −0.52+0.03

−0.03 −0.96+0.01
−0.01 −1.59+0.05

−0.05 −1.68+0.05
−0.55 0.28+0.03

−0.03 −1.53+0.16
−0.10 –

FUV 1.2 1.1 5.2 2.4 6.0 6.5 0.2 –

χ2/dof 43506
42044

2582
1905

52319
38087

3010
1891

31979
36087

51231
42302

20427
35833

–

ZPL

α −0.36+0.08
−0.08 −1.1+0.2

−0.2 −0.45+0.05
−0.05 −0.64+0.11

−0.11 −0.65+0.50
−0.50 0.30+0.07

−0.07 −0.79+0.23
−0.22 −1.1+1.0

−1.0

FUV 3.5 2.4 4.8 3.8 3.9 6.1 0.9 0.6

χ2/dof 410/320 203/166 401/331 381/347 141/173 377/321 335/345 111/169

DISKBB

kTin (eV) 5.8+0.5
−0.4 3.6+0.4

−0.3 4.3+2.8
−1.6 4.4+0.4

−0.3 4.2+2.4
−1.0 > 23 3.9+0.6

−0.5 3.7+12.2
−1.3

Norm×1010 1.1+0.3
−0.3 4.7+2

−1.6 4.2+0.2
−0.2 2.8+0.9

−0.8 4.1+8.9
−3.2 0.006+0.03

−0.006 1.0+0.7
−0.5 1.0+6.5

−1.0

χ2/dof 414/320 205/166 469/331 384/347 148/173 378/321 335/345 111/169

ZKERRBB

a? = 0.998

i 20◦(f) 25◦(f) 65◦(f) 20◦(f) 42◦(f) 30◦(f) 10◦(f) 30◦(f)

Ṁ 0.379+0.004
−0.004 0.263+0.004

−0.003 4.7+0.1
−0.1 0.09+0.01

−0.01 4.6+0.2
−0.2 1.22+0.01

−0.01 0.021+0.001
−0.001 0.023+0.001

−0.001

Norm 1 1 1 1 1 1 1 1

χ2/dof 461/321 242/167 616/332 428/348 145/174 378/322 355/346 112/170

ZKERRBB

a? = 0

i 20◦(f) 25◦(f) 65◦(f) 20◦(f) 42◦(f) 30◦(f) 10◦(f) 30◦(f)

Ṁ 0.525+0.005
−0.005 0.464+0.006

−0.006 7.4+0.1
−0.1 0.13+0.01

−0.01 5.9+0.3
−0.3 1.63+0.01

−0.01 0.028+0.001
−0.001 0.082+0.004

−0.004

Norm 1 1 1 1 1 1 1 1

χ2/dof 447/321 226/167 558/332 424/348 145/174 380/322 353/346 112/170

OPTXAGNF

a? = 0.998

log
(

L
LEdd

)
0.120+0.007

−0.004 −0.7+0.1
−0.1 −0.27+0.01

−0.01 0.48+0.06
−0.06 1.24+0.16

−0.05 0.677+0.005
−0.002 −0.07+0.07

−0.07 −2.68+0.39
−0.04

rcor < 9 16.5+3.5
−4 < 6 99+27

−40 < 241 < 4 101+33
−40 < 5

χ2/dof 412/320 205/166 432/331 383/347 141/173 475/321 335/345 111/169

OPTXAGNF

a? = 0

log
(

L
LEdd

)
−0.562+0.005

−0.004 −1.41+0.06
−0.03 −0.86+0.01

−0.01 −0.24+0.06
−0.06 0.52+0.16

−0.04 −0.022+0.004
−0.004 −1.79+0.07

−0.07 −2.3+0.12
−0.03

rcor < 14 < 14 < 8 85+28
−50 < 230 < 10 92+33

−43 < 13

χ2/dof 416/320 205/166 440/331 383/347 141/173 492/321 335/345 117/169

Note—The FUV flux (FUV ) is in the units of 10−11 erg cm−2 s−1 in the 0.007 to 0.0097 keV (1280 − 1770 Å) band . Ṁ is in the unit of M� yr−1.

relativistic accretion disk around a non-rotating black

hole, provided inner disk temperatures in the range of

3.6 − 5.8 eV (see Table 7). While both the accretion
disk and the simple power-law models resulted in sim-

ilar fit-statistic, the apparent discrepancy between the

redder power-law slopes (α) compared to that predicted

by the standard disk model for most of our AGN is

due to the fact that the FUV band does not always

lie in the power-law part of disk emission for AGN with

different masses and accretion rates. For the sources

where the peak disk temperature is higher (> 10 eV),

we obtained slopes similar to the standard disk model.

In Fig. 11, we compare the best-fit ZPOWERLAW and the

DISKBB models for MR 2251–178 and SWIFT1921. In

the case of SWIFT1921 with MBH = 3.9 × 107 M�
and ṁ = 0.1, the FUV band falls in the region of the

spectrum with the power-law shape, and we indeed find

a slope α ∼ 0.3 consistent with that predicted by the

standard disk model. While in the case of MR 2251–178

with MBH = 3.16×108 M� and ṁ = 0.02, the emission

in the FUV band arises from the innermost disk regions

responsible for the exponentially declining continuum

and we find a steep power-law slope, α = −1.1.

We compare the best-fit inner disk temperatures de-

rived from our spectral analysis with the peak temper-

ature expected from standard disks. We calculated the

peak disk temperatures using the well-known relation

(Netzer 2013),

kT (r) ' 111×
( Ṁ
ṀE

)1/4

M
−1/4
8 (r/rg)

−3/4f(r)1/4 eV

(9)

where, f(r) is given by 1 −
(
rin
r

)1/2
, rg = GMBH

c2 and

M8 is black hole mass (MBH) in the unit of 108M�. We

used the known black hole masses, and calculated the

peak disk temperatures (observed at radius r ∼ 8.17rg
for Schwarzschild black hole and ∼ 1.69rg for Kerr black

hole) for two different accretion rates ṁ = Ṁ
ṀE

= 0.1

at 8.17rg and ṁ = 1 at 1.69rg. Fig. 12 compares the

predicted peak temperatures for the two values of the
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Figure 11. The best-fitting ZPOWERLAW (red dot dashed line) and the DISKBB (blue solid line) spectral components derived for
MR 2251–178 and SWIFT1921 (see Section 5.2 and Table 7). The power-law slope (α) is redder (∼ −1.1) for MR 2251–178
(left panel) whereas it is similar (∼ 0.3) for SWIFT1921 (right panel) compared to that predicted by the standard accretion
disk model. The gray-shaded regions mark the FUV band of 0.007 − 0.0097 keV.

accretion rates and the best-fit inner disk temperatures

derived from the FUV data using the DISKBB model.

Clearly, our best-fit inner-disk temperatures are lower

(possibly except for Mrk 841 and SWIFT1921) than the

peak temperatures predicted for accretion disks around

maximally rotating SMBHs accreting at the Edding-

ton rates. Except for NGC 7469 and Mrk 352, the

derived temperatures are similar to that predicted for

non-rotating SMBHs accreting at 10% of the Eddington

rate. This suggests that either the AGN have truncated

accretion disks around highly spinning SMBHs or full ac-

cretion disks around slowly or non-rotating SMBHs with

low ṁ . 0.1. The best-fit temperatures for NGC 7469

and Mrk 352 are much lower than that predicted for

non-rotating SMBHs accreting at ṁ = 0.1 (see Fig. 12).

The relativistic accretion disk models further support
the possibility of truncated disks in these AGN.

The emission from the inner disk regions is subjected

to relativistic effects which the multi-color disk model

does not account for. The DISKBB model also does not

account for the color-correction factor which can make

the inner disk temperature higher than that obtained

using the DISKBB model. These effects are accounted

for in the relativistic accretion disk models which we

discuss below.

6.2. Relativistic Standard disks

We used two different relativistic disk models -

OPTXAGNF and ZKERRBB. While the ZKERRBB is a fully rel-

ativistic model with radius independent color-correction

factor and no provision for truncation, the OPTXAGNF

model uses the temperature profile of a relativistic disk

107 108 109

MBH (M¯ )

101

102
kT

in
(e

V
)

Mrk 841
MR 2251-178
NGC 7469
SWIFT1921

Mrk 352
SWIFT1835
I ZW1 
PG0804+761

Figure 12. Peak effective disk temperatures calculated us-
ing Eq. 9. The black solid line corresponds to Ṁ/ṀE = 1
and r = 1.69rg, while the gray solid line corresponds to
Ṁ/ṀE = 0.1 and r = 8.17rg. The best-fit temperatures
obtained using the DISKBB model are shown with different
symbols. The lower limit is marked with an upward-pointed
arrow (SWIFT1921).

which allows for radius dependent color-correction and

disk truncation but does not account for light bending.

For I Zw 1, SWIFT1921 and SWIFT1835, the ZKERRBB

model provided either better or similar quality fit as the

OPTXAGNF model, and our data suggested untruncated

accretion disks in these AGN. We were not able to con-

strain the spin parameter and disk inclination, therefore

we used reasonable or previously estimated values.
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For Mrk 841, MR 2251–178, PG0804, NGC 7469, and

Mrk 352 we obtained a better fit with the OPTXAGNF

model compared to the ZKERRBB model. We were able to

well constrain the inner disk radii (rcor) of 35−125rg and

50− 135rg for NGC 7469 and Mrk 352, respectively, ir-

respective of the spin parameter. The disk in MR 2251–

178 may also be truncated at a smaller radius (∼ 16rg)

if the SMBH is spinning at a high rate. The large in-

ner radii for NGC 7469 and Mrk 352 are consistent with

the absence of broad, relativistic iron Kα lines. X-ray

spectroscopy of NGC 7469 has shown only a narrow iron

line (FWHM ∼ 2700 − 3400 kms−1) (Mehdipour et al.

2018; Andonie et al. 2022). A narrow Fe Kα line has

been observed from Mrk 352 (Winter et al. 2008). The

disk truncation we inferred in NGC 7469 and Mrk 352

may be similar to the low/hard state of Galactic black

hole X-ray binaries (BHB) (see Esin et al. 1997; Done

et al. 2007; Bollimpalli et al. 2020)

The low/hard state of BHB is observed at ∼ 1 − 2%

of the Eddington limit. We found L/LEdd ∼ 1.6% for

Mrk 352 using the OPTXAGNF model, this may be simi-

lar to the low/hard state of BHB. However, NGC 7469

has a much higher bolometric fraction (L/LEdd ∼ 57%),

and it appears to be similar to IC 4329A with a possible

truncated disk at high bolometric fraction (Dewangan

et al. 2021). Another possibility for the apparent trun-

cation of accretion disks could be due to the presence

of soft X-ray excess emitting region in the innermost re-

gions of the disk such as that predicted by the intrinsic

Comptonised disk models (Done et al. 2012; Kubota &

Done 2018). The simultaneously acquired X-ray data

along with the UV data presented here with AstroSat

will help us to investigate the connection between the

inner disk and the soft excess emitting region, which we

plan in a future paper.

Since the relativistic effects are expected to dominate

in the innermost regions of the disk that emits at short-

est UV wavelengths, it is difficult to constrain all the pa-

rameters with the limited band-pass of the UVIT/FUV

gratings. It is also possible that the thermal Comptoni-

sation of UV photons into the broadband X-ray power-

law component and the possible presence of optically

thick and warm Comptonising component giving rise to

the soft excess emission can modify the intrinsic UV con-

tinuum from the disk. Broadband UV, soft, and hard

X-ray spectral modeling can help investigate the inner-

most disk regions. We hope to address these issues by

using the far UV grating spectra, the soft and hard X-

ray data simultaneously acquired with AstroSat.

Although the disk emits in the EUV/optical bands,

the intrinsic disk emission may be modified by X-ray re-

processing. Observations of optical/UV variations lag-

ging behind the variations in the X-ray emission by a

few days in several AGN have been interpreted in terms

of the X-ray reprocessing into UV/optical (Haardt &

Maraschi 1991; McHardy et al. 2014). It is thought that

the X-rays from the hot corona illuminate the disk, and a

part of the X-ray emission is absorbed, reprocessed, and

re-radiated in the UV/optical band. Such reprocessing

can alter the shape of the accretion disk continuum. We

plan to use physical disk/corona models that include

the X-ray reprocessing and reflection e.g., the KYNSED

model (Dovčiak et al. 2022) and study the disk/corona

emission using our AstroSat UV/X-ray observations.

7. CONCLUSION

We performed far UV grating spectroscopy of eight

AGN using AstroSat/UVIT observations, and derived

intrinsic continuum emission after accounting for the

Galactic and intrinsic extinction, contributions from the

NLR/BLR including Fe II complex, etc. We then in-

vestigate the shape of the intrinsic continuum in the

context of accretion disk emission. The main results of

our work are as follows. The far UV spectral slopes

of the intrinsic continua of the eight AGN are in the

range of ∼ −1.1 to ∼ 0.3. For most AGN, these slopes

are redder than that expected from the standard disk

models in the optical/UV band. The limited-band far

UV data are consistent with the accretion disk models.

The derived temperatures are generally lower than the

highest possible disk temperatures expected for accre-

tion disks around maximally spinning SMBHs accreting

at the Eddington limit. Observed peak effective tem-

peratures indicate the possibility of truncated disks if

the SMBHs are spinning at the maximal rate. Irrespec-

tive of the spin parameter, we find possible evidence for

truncated disks in NGC 7469 and Mrk 352. The bolo-

metric fraction of the disk emission ranges from ∼ 0.003

(SWIFT1835) to ∼ 5.9 (SWIFT1921). A number of

effects such as the X-ray reprocessing, Thermal Comp-

tonisation, soft X-ray excess may affect the shape of the

UV continuum. Joint spectral modeling of the simul-

taneous acquired UV/X-ray data, which we plan in a

future paper, may be necessary to further investigate

the emission from the innermost disk/corona regions.
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APPENDIX

A. ABSORPTION LINES USED IN THE HST SPECTRA

Table A1. Absorption lines in the HST spectra. Eo is the observed line centroid, σ is in the unit of 10−6 keV, and Strength
is in the unit of 10−6 keV.

Mrk 841 MR 2251-178 PG0804

λrest Eo σ Strength λrest Eo σ Strength λrest Eo σ Strength

(Å) (eV) (keV) (keV) (Å) (eV) (keV) (keV) (Å) (eV) (keV) (keV)

1204 9.935 0.78+0.06
−0.06 1.04+0.06

−0.06 1206.2 9.659 2.62+0.57
−0.57 1.14+0.21

−0.21 1183.6 9.522 0.95+0.01
−0.01 4.8+0.1

−0.1

1206.5 9.914 0.87+0.05
−0.05 1.65+0.06

−0.06 1214 9.598 5.4+0.1
−0.1 1.2+0.3

−0.3 1185.6 9.506 0.84+0.01
−0.01 6.4+0.1

−0.1

1208.8 9.895 1.07+0.01
−0.01 7.75+0.11

−0.11 1215 9.587 5.9+0.1
−0.1 18.2+0.4

−0.4 1213 9.292 1.228+0.007
−0.007 12.14+0.09

−0.09

1209.6 9.889 0.59+0.02
−0.02 1.71+0.05

−0.05 1221 9.539 4.2+0.5
−0.5 2.5+0.4

−0.4 1214 9.283 0.91+0.01
−0.01 1.89+0.02

−0.02

1211.5 9.874 0.99+0.03
−0.03 1.38+0.04

−0.04 1224 9.516 4.9+0.5
−0.5 4.1+0.5

−0.5 1217.9 9.254 0.86+0.01
−0.01 5.13+0.06

−0.06

1213 9.861 1.42+0.01
−0.01 9.8+0.1

−0.1 1226.7 9.499 2.8+0.3
−0.3 2.2+0.2

−0.2 1218 9.252 0.52+0.01
−0.01 1.43+0.04

−0.04

1215 9.845 0.67+0.01
−0.01 2.12+0.03

−0.03 1238 9.409 4.3+0.2
−0.2 8.6+0.4

−0.4 1266.8 8.897 1.08+0.04
−0.04 2.38+0.07

−0.07

1216 9.838 1.04+0.01
−0.01 8.21+0.08

−0.08 1242.6 9.377 3.3+0.3
−0.3 5.2+0.4

−0.4 1275 8.84 1.19+0.08
−0.08 1.19+0.07

−0.06

1216.7 9.831 0.48+0.03
−0.03 0.58+0.03

−0.03 1255 9.284 4.7+0.5
−0.5 6.5+0.7

−0.7 1387.6 8.122 0.75+0.01
−0.01 6.1+0.2

−0.1

1258 9.507 0.93+0.03
−0.03 4.2+0.1

−0.1 1311 8.888 2.4+0.9
−0.9 1.9+0.5

−0.5 1407 8.01 1.08+0.03
−0.03 3.43+0.08

−0.08

1287 9.292 0.97+0.03
−0.03 11.1+0.7

−0.6 1435.8 8.116 2.1+0.3
−0.3 2.4+0.3

−0.3 1409 7.996 1.16+0.05
−0.05 1.65+0.07

−0.07

1288 9.284 1.46+0.08
−0.07 3.6+0.2

−0.2 1456 7.999 11.5+1.5
−1.5 8.1+0.8

−0.8 1518.6 7.422 0.64+0.02
−0.02 6.8+0.4

−0.4

1344 8.897 0.85+0.03
−0.03 4.7+0.2

−0.2 1545.7 7.538 4.2+0.2
−0.2 7.2+0.3

−0.3 1551.2 7.265 0.39+0.02
−0.02 1.21+0.05

−0.05

1353 8.840 0.86+0.04
−0.04 3.1+0.2

−0.2 1548 7.525 3.4+0.2
−0.2 4.6+0.3

−0.3 1553.8 7.253 0.63+0.05
−0.05

1472.8 8.122 0.81+0.03
−0.03 6.3+0.3

−0.3 1569 7.424 2.7+0.3
−0.3 2.7+0.2

−0.2

1493 8.01 0.82+0.03
−0.03 6.1+0.3

−0.3 1650.8 7.058 38+3
−3 124+34

−34

1496 7.996 0.83+0.04
−0.03 3.8+0.2

−0.2

1551.7 7.709 0.69+0.02
−0.02 2.68+0.07

−0.07

1611.8 7.422 0.068+0.04
−0.04 6.4+0.7

−0.5
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Table A2. Same as Table A1 but for NGC 7469, I Zw 1 and SWIFT1921.

NGC 7469 I Zw 1 SWIFT1921

λrest Eo σ Strength λrest Eo σ Strength λrest Eo σ Strength

(Å) (eV) (keV) (keV) (Å) (eV) (keV) (keV) (Å) (eV) (keV) (keV)

1231.6 9.908 3.0+0.7
−0.6 2.3+0.5

−0.4 1207.7 9.675 2.3+0.1
−0.1 1.8+0.1

−0.1 1205.9 9.914 0.62+0.02
−0.01 1.26+0.03

−0.03

1235.8 9.874 0.87+0.92
−0.86 0.4+0.2

−0.2 1227 9.522 0.88+0.04
−0.04 5.4+0.3

−0.3 1209 9.888 0.73+0.01
−0.01 1.93+0.03

−0.03

1240.6 9.836 3.2+0.4
−0.4 3.8+0.5

−0.4 1229 9.505 0.65+0.03
−0.03 3.3+0.2

−0.2 1213 9.855 0.851+0.005
−0.005 5.82+0.04

−0.04

1282 9.514 10.5+1.4
−1.3 6.9+1.0

−0.9 1257 9.291 1.08+0.06
−0.08 9.9+0.9

−0.7 1215 9.836 1.203+0.005
−0.005 11.9+0.1

−0.1

1313 9.2911 8.9+1.0
−0.9 10.6+1.2

−1.2 1258.8 9.282 0.42+0.08
−0.06 1.2+0.1

−0.1 1231.6 9.707 0.38+0.02
−0.02 0.52+0.02

−0.02

1503 8.118 1.9+0.4
−0.3 1.7+0.3

−0.3 1261 9.265 9.2+1.3
−1.1 10.9+3.4

−2.4 1234 9.685 0.27+0.04
−0.04 0.12+0.02

−0.02

1524 8.007 7.7+0.9
−0.8 5.0+0.5

−0.5 1303 8.967 7.2+1.8
−1.0 13.2+1.5

−4.5 1287 9.29 1.26+0.01
−0.01 13.2+0.2

−0.2

1539.6 7.926 2.4+0.3
−0.3 1.9+0.2

−0.2 1313 8.896 1.1+0.2
−0.2 1.8+0.3

−0.4 1288 9.282 0.74+0.02
−0.02 2.14+0.05

−0.05

1542 7.913 2.8+0.4
0.3 1.8+0.2

−0.2 1394.7 8.378 11.2+0.8
−0.8 8.1+1.0

−1.0 1321 9.049 1.1+0.1
−0.1 0.57+0.05

−0.05

1438.7 8.122 0.66+0.07
−0.06 4.1+0.4

−0.4 1344 8.895 1.21+0.03
−0.03 3.49+0.07

−0.07

1458.9 8.01 14.5+1.9
−1.6 11.2+1.1

−1.3 1352.6 8.838 1.07+0.04
−0.04 1.69+0.06

−0.06

1515.8 7.709 6.62+1.0
−0.09 1.9+0.3

−0.2 1472 8.121 0.82+0.01
−0.01 6.3+0.1

−0.1

1538 7.595 0.9+0.2
−0.2 1.1+0.2

−0.2 1492.8 8.008 1.15+0.02
−0.02 5.3+0.1

−0.1

1574.6 7.421 0.70+0.09
−0.08 3.3+0.5

−0.4 1495 7.995 1.08+0.03
−0.03 2.98+0.08

−0.08

1504.6 7.946 0.26+0.03
−0.03 0.34+0.03

−0.03

1551 7.707 0.67−0.01
−0.01 3.02+0.05

−0.05

1597.7 7.482 0.23+0.04
−0.04 0.36+0.04

−0.04

1611 7.420 0.72+0.02
−0.02 6.3+0.3

−0.2

Note—We did not use any absorption line for Mrk 352.
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