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ABSTRACT

We present our study of the X-Ray Imaging and Spectroscopy Mission (XRISM) observation of the Seyfert-1 galaxy NGC 3783.
For the first time, XRISM’s Resolve microcalorimeter enables a detailed characterization of the highly ionized outflows in this active
galactic nucleus. Our analysis constrains their outflow and turbulent velocities, along with their ionization parameter ξ and column
density NH. The high-resolution Resolve spectrum reveals a distinct series of Fe absorption lines between 6.4 and 7.8 keV, ranging
from Fe xviii to Fe xxvi. At lower energies (1.8–3.3 keV), absorption features from Si, S, and Ar are also detected. Our spectroscopy
and photoionization modeling of the time-averaged Resolve spectrum uncover six outflow components, five of which exhibit relatively
narrow absorption lines, with outflow velocities ranging from 560 to 1170 km s−1. In addition, a broad absorption feature is detected,
which is consistent with Fe xxvi outflowing at 14,300 km s−1 (0.05 c). This component carries a kinetic luminosity of 0.8–3% of the
bolometric luminosity. Our analysis of the Resolve spectrum shows that more highly ionized absorption lines are intrinsically broader
than those of lower ionization species, indicating that the turbulent velocity of the six outflow components (ranging from 0 to 3500
km s−1) increases with ξ. Furthermore, we find that the column density NH of the outflows generally declines with the ionization
parameter up to log ξ = 3.2, but rises beyond this point, suggesting a complex ionization structure. Examination of the absorption
profile of the Fe xxv resonance line reveals intriguing similarities to UV absorption lines (Lyα and C iv) observed by the Hubble Space
Telescope, from which we infer that the outflows are clumpy in nature. Our XRISM/Resolve results from lower and higher ionization
regimes support a ‘hybrid wind’ scenario, in which the observed outflows have multiple origins and driving mechanisms. We explore
various interpretations of our findings within AGN wind models.

Key words. X-rays: galaxies – galaxies: active – galaxies: Seyfert – galaxies: individual: NGC 3783 – techniques: spectroscopic

1. Introduction

Outflows and winds in active galactic nuclei (AGN) serve as cru-
cial links between supermassive black holes (SMBHs) and their
surrounding environments. These outflows carry matter away
from the central black hole, dispersing it throughout the host
galaxy. This transfer of mass and energy plays a key role in
the co-evolution of SMBHs and their galaxies, influencing feed-

back mechanisms that affect AGN activity and star formation
(King & Pounds 2015; Gaspari & Sądowski 2017). Therefore,
understanding the physical properties, energetics, and driving
mechanisms of AGN winds is essential for determining their role
in AGN feedback and evaluating their impact on the interstellar
medium (ISM).
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The dynamics, kinematics, and ionization structure of ion-
ized outflows, ranging from the vicinity of the accretion disk
to the outer regions of the host galaxy, remain poorly under-
stood. This uncertainty makes it difficult to determine how these
outflows transfer momentum and energy into the galaxy and
influence their surroundings. Ionized outflows (e.g. Laha et al.
2014) have been observed at different scales, each exhibiting
distinct characteristics: the micro (sub-pc) scale, associated with
the accretion disk and broad-line region (BLR); the meso (pc)
scale, linked to the torus and narrow-line region (NLR); and the
macro (kpc) scale, extending into the host galaxy (Laha et al.
2021; Gallo et al. 2023). However, the formation mechanisms
of these various outflows and their interconnections remain un-
certain. Additionally, their connection to galactic molecular out-
flows is not well understood. Key questions persist regarding the
origin of ionized outflows (whether from the disk or torus) and
the mechanisms driving them (thermal, radiative, or magnetic).
The physical factors that govern the launching and duty cycles of
these winds, as well as how wind parameters scale with redshift
and AGN properties (e.g. luminosity), remain open questions.

The Resolve microcalorimeter onboard the X-ray Imaging
and Spectroscopy Mission (XRISM, Tashiro et al. 2020, 2025)
offers an exceptional combination of energy resolution (∼ 4.5
eV FWHM) and sensitivity at hard X-ray energies (1.8–12 keV),
making it invaluable for studying highly ionized outflows that
exhibit X-ray absorption features in the Fe K band (6–8 keV).
These outflows can have velocities ranging from moderate (a
few hundred km/s) to relativistic speeds (i.e. the ultra-fast out-
flows; UFOs Tombesi et al. 2010). Studying highly ionized out-
flows with previous X-ray missions has been challenging due
to limitations in both spectral resolution and sensitivity, lead-
ing to considerable uncertainties in their kinematics and ioniza-
tion structure. Consequently, key aspects of the origin, launch
mechanisms, and kinetic power of these outflows remain poorly
understood. XRISM/Resolve’s high resolving power enables de-
tailed probing of these highly ionized outflows, allowing for pre-
cise determination of their parameters, as first demonstrated for
NGC 4151 by XRISM Collaboration et al. (2024).

The bright Seyfert-1 galaxy NGC 3783, rich in spectral lines,
serves as an excellent laboratory for studying ionized outflows in
AGN. It is an ideal target for XRISM because it is exceptionally
bright in the Fe K band and has previously exhibited evidence of
highly ionized outflows, seen as both narrow (Kaspi et al. 2002)
and broad (Mehdipour et al. 2017) X-ray absorption features.
Additionally, it exhibits a clear and well-defined spectrum of
ionized outflows in the soft X-rays (Behar et al. 2003; Mao et al.
2019; Gu et al. 2023; Li et al. 2025) and UV (Gabel et al. 2005;
Scott et al. 2014; Kriss et al. 2019). A 900 ks Chandra/HETG
spectrum revealed a 3σ detection of a narrow Fe xxv reso-
nance line, as well as marginal detections of other transitions
(Kaspi et al. 2002; Yaqoob et al. 2005). Evidence for Fe xxv ab-
sorption has also been detected in XMM-Newton/EPIC spec-
tra (Reeves et al. 2004; Costanzo et al. 2022), suggesting that
the highly ionized absorption is variable over time. Remark-
ably, NGC 3783 also undergoes periods of transient obscuration
events caused by disk winds, during which new blueshifted and
broad absorption features appear in the Fe K band and the UV
HST spectra (Mehdipour et al. 2017).

The XRISM Performance Verification (PV) observation of
NGC 3783 started on 2024-07-18 (04:58 UTC) and ended on
2024-07-27 (16:16 UTC). The total exposure of the Resolve
spectrum is 439 ks. Fortunately, at the time of our observa-
tion, NGC 3783 was particularly bright in X-rays (F2−10 keV =
6.0 × 10−11 erg cm−2 s−1). Joint simultaneous observations with

XMM-Newton, NuSTAR, Chandra, NICER, Swift, and HST/COS
were also performed. In this first paper, we focus exclusively on
modeling the XRISM/Resolve spectrum, without incorporating
X-ray data from other telescopes. This approach allows us to
fully utilize Resolve’s unique capability to measure the proper-
ties of highly ionized outflows. Further studies of the outflows,
incorporating multi-mission spectral modeling, will be presented
in future work. Additionally, studies of emission (reflection) and
spectral variability are planned for upcoming papers of our cam-
paign.

2. Data reduction and preparation

2.1. XRISM data

Our XRISM observation of NGC 3783 (Obs ID: 300050010)
was conducted with the gate valve closed and the open fil-
ter wheel configuration of Resolve. A brief summary of the
data reduction process and systematic errors is provided be-
low, with more detailed descriptions available in our upcoming
cross-calibration paper for NGC 3783 (XRISM Collaboration
2025c, Paper II) as well as in XRISM Collaboration et al.
(2025) for PDS 456, which is similar to that of our
NGC 3783 observation. We utilized JAXA’s pre-pipeline ver-
sion 004_007.20Jun2024_Build8.012 and pipeline version
03.00.012.008. Data analysis was performed using the public
XRISM CALDB version 9 (20240815 release) and the ftools
package, with additional screening and energy-dependent rise
time cuts applied according to Mochizuki et al. (2025) and fol-
lowing the XRISM Quick Start Guide Version 2.1. This CALDB
includes the initial updates to the Resolve energy scale and line-
spread function files based on in-orbit calibration data. After ap-
plying good time interval (GTI) filtering, the total effective ex-
posure time was 439 ks.

We selected only the high-resolution primary (Hp) events
for our analysis (see Ishisaki et al. 2018 for definition of event
grading). The count rate was approximately 0.1 s−1 pix−1 in the
central four pixels and ranged from 0.001 to 0.1 s−1 pix−1 in
the outer pixels, where nearly all astrophysical events are ex-
pected to be Hp. To mitigate contamination from “pseudo” low-
resolution secondary (Ls) events and corresponding errors in the
normalization of the response matrix file (RMF), all Ls events
were excluded before generating the RMF (XRISM TTWOF
2025). The RMF was created using the extra-large (“X”) op-
tion, which includes all known instrumental effects. Gain track-
ing was performed using 24 fiducial measurements of the Mn Kα
line from the 55Fe filter in the filter wheel. Of the 36 pixels, pixel
12 (calibration pixel) and pixel 27 (which exhibits unpredictable
gain jumps) were excluded from the analysis.

The instrumental spectroscopic uncertainties that could
impact observational results are uncertainties in the broad-
band energy scale and the time-dependent gain reconstruction
(Eckart et al. 2024; Porter et al. 2024), as well as in the energy
resolution. These values have been assessed extensively on the
ground and in-orbit. The energy scale uncertainty after gain re-
construction is estimated to be 0.34 eV in the 5.4–8.0 keV band
for our observation. This value is based on the ∼ 0.16 eV gain
reconstruction error at 5.9 keV and the systematic energy scale
uncertainty of ≲ 0.3 eV in this band, which are uncorrelated and
can be root-sum-squared. The total uncertainty corresponds to
15 km s−1 at 7 keV. At energies below 5.4 keV, the total energy
scale uncertainty is consistent with ≲ 1 eV, which corresponds to
150 km s−1 at 2 keV. The uncertainty on the per-pixel Hp energy
resolution values provided in the CALDB is energy-dependent
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and estimated to be ≲ 0.3 eV FWHM from 2–10 keV. Its contri-
bution to the systematic uncertainty is smaller than the statistical
error on our best-fit model parameters that we present later in
Sect. 3 (Table 1).

The preparation of the background-subtracted Resolve spec-
trum of NGC 3783, including the modeling of the Non-X-ray
Background (NXB), as well as the data reduction of Xtend
(Noda et al. 2025), is further discussed in a forthcoming pa-
per from our campaign (XRISM Collaboration 2025c, Paper II),
which focuses on the cross-calibration of different instruments.
For illustration, Fig. A.1 in Appendix A compares the NXB and
source spectra, showing that the NXB contribution is minimal in
the Resolve spectrum of NGC 3783.

2.2. HST data

Our new HST/COS observations of NGC 3783 (Program ID:
17273) were conducted on 2024-07-21 over two orbits. The COS
data were obtained using the G130M and G160M gratings to
capture the Lyα and C iv lines. The data were processed with the
latest calibration pipeline, CalCOS v3.6.0, and the wavelength
calibration was verified by checking the observed positions of
known Galactic ISM lines. All COS exposures were combined
into a single calibrated spectrum, which was then binned by four
pixels to improve the signal-to-noise ratio (S/N) while still over-
sampling the 10-pixel resolution element of the far-UV detector
(Fox et al. 2018). For further details on COS data preparation,
we refer to the previous HST/COS observation of NGC 3783 in
Kriss et al. (2019).

3. Spectral modeling and results

We modeled the time-averaged XRISM/Resolve spectrum (Fig.
1) using SPEX v3.08.01 (Kaastra et al. 1996; Kaastra et al.
2024) and its latest atomic database. The rbin command of
SPEX was used to optimally bin both the spectrum and the re-
sponse file, thereby preventing oversampling of the data. The
underlying theory and algorithms for rbin, which account for
both the source statistics and the instrumental resolution, are de-
scribed in the SPEX manual (see also Kaastra & Bleeker 2016).
The Resolve spectrum was fitted over the 1.8–12 keV band
with C-statistics. The cosmological redshift (reds) was fixed at
0.009730 (Theureau et al. 1998), corresponding to a luminosity
distance of 41.98 Mpc in SPEX based on the cosmological pa-
rameters H0 = 70 km s−1 Mpc−1, ΩΛ = 0.70, and Ωm = 0.30.
Galactic X-ray absorption was accounted for using the hot
model (de Plaa et al. 2004; Steenbrugge et al. 2005) in SPEX,
with the temperature fixed at its minimum value of 0.001 eV,
and a column density of NH = 9.59 × 1020 cm−2 (Murphy et al.
1996). The abundances of all components were set to the proto-
solar values of Lodders et al. (2009).

3.1. Modeling of the continuum and emission lines

The observed continuum was fitted with a simple power-law
model (pow in SPEX). The intrinsic photon index Γ of the under-
lying X-ray power-law continuum is found to be Γ = 1.79 ± 0.01
from fitting the full Resolve band (1.8–12 keV). This Γ is consis-
tent with the NuSTAR spectrum at higher energies. To model the
‘soft X-ray excess’, we included a warm Comptonization com-
ponent (comt), following the approach used for NGC 3783 in
Mehdipour et al. (2017). However, given that the Resolve spec-
trum covers only energies above 1.8 keV, the soft excess contri-

bution is minimal (2% of the flux in the Resolve band). Nonethe-
less, we included the comt component with its parameters fixed
to those of the 2001 unobscured model (Mehdipour et al. 2017).

We account for the presence of emission lines in our model-
ing of the Resolve spectrum. A detailed study of the Fe emission
in the Resolve spectrum is presented in an upcoming paper from
our campaign by Li et al. (2025b). As this paper focuses on the
study of absorption by outflows, we adopt a relatively simple
model for the emission lines, ensuring a well-fitted representa-
tion of both the continuum and emission features to accurately
constrain the absorption lines. Our model includes the following
emission features in the Resolve spectrum: Fe Kα, Fe Kβ, Ni Kα,
Fe xxvi Lyα and Lyβ, Fe xxv, and S xvi Lyα. Each emission line
is modeled using a delta function (delt in SPEX) convolved with
a Gaussian profile (vgau), with multiple velocity broadening
components applied as needed to achieve a good fit. The centroid
of each line is fixed at zero velocity shift in the AGN rest frame,
and for doublets, the expected line ratio is applied. The Gaussian
velocity broadening of the lines is linked in a physically consis-
tent manner. The velocity widths (σv) of the Gaussian compo-
nents fitted to the Fe Kα emission line range between a few hun-
dred to a few thousand km s−1. These are broadly comparable
to the widths of the Fe Kα components observed in the Resolve
spectrum of NGC 4151 (XRISM Collaboration et al. 2024). The
Resolve spectrum of NGC 3783 also shows the presence of a
broad Fe Kα component, likely to be relativistic emission from
the accretion disk (see Li et al. 2025b). For consistency, we have
incorporated the relativistic emission component obtained by
Li et al. (2025b), alongside our modeling of the other compo-
nents using Gaussians. Our tests show that whether the broad Fe
Kα emission and its associated Fe Kβ component are modeled
with a relativistic or non-relativistic profile, the absorption mod-
eling results (specifically the number of required components
and their parameters) remain essentially unchanged.

3.2. Photoionized absorption modeling

Photoionization calculations were performed using the pion
model (Mehdipour et al. 2016; Miller et al. 2015) in SPEX. For
this, we adopted the 2001 unobscured spectral energy distribu-
tion (SED) of NGC 3783 from Mehdipour et al. (2017), which
is consistent with the intrinsic UV and X-ray continuum of our
observation. Using the xabsinput program in SPEX, which runs
the pionmodel, we generated tables of ionic concentrations as a
function of ionization parameter (ξ). These were then used by the
xabs model (Steenbrugge et al. 2003) in SPEX to compute the
model spectrum. To accurately reproduce all absorption features
in the Resolve spectrum (Fig. 1), six xabs components were re-
quired. We name these components with a letter in ascending
order of outflow velocity vout, and those with comparable vout are
further sub-labeled by a number in descending order of ioniza-
tion parameter ξ as shown in Table 1. The ionization parameter
(ξ), column density (NH), outflow velocity (vout), and turbulent
velocity (σv) of the xabs components were fitted. We have as-
sumed full covering fractions for all xabs components, as this
already provides a good fit to all lines in the Resolve spectrum.

In our model setup, all xabs components are illuminated
by the same ionizing SED and are therefore not treated as se-
quential layers that shield one another. Since NGC 3783 is
unobscured during our observation, there is no strong absorp-
tion of the ionizing continuum (in contrast to the obscured
2016 epoch; Mehdipour et al. 2017) that would otherwise shield
components located farther out. In a layered configuration, the
higher-ionization xabs components would be located closer to
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Fig. 1. XRISM/Resolve spectrum of NGC 3783 with our best-fit model. The top two panels show the full spectrum and the corresponding fit
residuals. The bottom two panels provide a close-up view of the Fe K band and its fit residuals. For clarity of display the spectrum in this figure is
additionally binned up. The strongest emission and absorption features are labeled. Our best-fit model (Table 1) is shown in red. The fit residuals
are defined as (data − model) / model. For comparison, the blue dashed line in the third panel represents the continuum plus the broad Fe K
emission, excluding any absorption lines.
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the source. However, since these components have relatively
low column densities and high ionization parameters, they do
not significantly absorb the continuum. As a result, any shield-
ing effect on the ionization state of the outer components would
be minimal. Furthermore, as we discuss later in this paper, the
outflows in NGC 3783 are found to be clumpy and structurally
complex, and thus are unlikely to be arranged in simple se-
quential layers. Interestingly, study of obscuration in NGC 5548
(Mehdipour et al. 2024) has shown that, contrary to the shielding
scenario suggested by the appearance of the UV lines, the X-ray
absorption lines are unaffected by the obscuration. This indicates
that the components do not cover each other in an orderly fash-
ion.

3.3. Examination of the broad absorption component

The Resolve spectrum of NGC 3783 also shows the presence
of a relatively broad dip (σv ≈ 3500 km s−1) between 7.1 and
7.4 keV (Fig. 1). The equivalent width (EW) of this feature is
17 ± 3 eV, corresponding to S/N of approximately 6σ. We find
that, regardless of how the Fe K emission is modeled (relativistic
or non-relativistic), this broad residual persists below the power-
law continuum, which is accurately determined by fitting the full
Resolve band (1.8–12 keV) and is consistent with the NuSTAR
spectrum at higher energies. The shape of the residual is con-
sistent with an absorption line rather than an absorption edge.
Also, at lower energies, there is no evidence for intrinsic neutral
absorption in either the XRISM data or other X-ray observations
from our campaign with XMM-Newton and Swift. Furthermore,
no evidence for a neutral Fe K edge was previously found in the
900 ks Chandra/HETGS spectrum of NGC 3783 (Kaspi et al.
2002). Even during previous epochs when NGC 3783 became
obscured (Mehdipour et al. 2017), the obscuring gas was signif-
icantly ionized (log ξ ∼ 1.84), with no neutral absorber present.
We find that the strength and energy of the residual are inconsis-
tent with either a neutral or ionized absorption edge.

We have investigated whether the broad absorption feature
could instead arise from a reflection edge, but find this scenario
unfeasible. Fits to the Fe Kα line using reflection models, such
as the refl model (Magdziarz & Zdziarski 1995; Zycki et al.
1999) in SPEX and the MyTorus table model (Murphy & Yaqoob
2009), show that the associated reflected component is too weak
to account for the observed trough. Our tests demonstrate that re-
flected/scattered emission cannot reproduce the strength or shape
of the observed feature. Moreover, our modeling shows that a
simple power-law fits the continuum well across the 1.8–12 keV
bandpass of Resolve, with no indication of excess emission at
higher energies in the spectrum. In our follow-up paper, which
presents a detailed analysis of the Fe K emission in the Resolve
spectrum (Li et al. 2025b), we find that the broad absorption fea-
ture persists regardless of the emission model adopted. We there-
fore conclude that the broad absorption trough is not the result
of a reflection edge.

Adding an additional xabs component (named Comp. X) en-
ables us to model the residual well as Fe xxvi Lyα, blueshifted
with an outflow velocity of 14,300 km s−1. Since this component
is associated with a single highly ionized absorption line, its ion-
ization parameter cannot be tightly constrained through spectral
fitting. We therefore fix its ionization parameter to log ξ = 4.0
based on our photoionization calculations, so that it produces
only Fe xxvi. Including this component reduces the C-statistic by
∆C = 30, further improving the fit. Moreover, we have compared
this model from Resolve to the Xtend spectrum and find it to be
fully consistent. This is demonstrated in Fig. 2, where the pres-
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Fig. 2. XRISM/Xtend spectrum of NGC 3783 in the region of the broad
Fe xxvi absorption feature of Comp. X. The Xtend data points are shown
in black. Our best-fit model to the Resolve spectrum (Fig. 1 and Table 1)
is shown in gray. The same model, convolved with the Xtend instrumen-
tal response, is overlaid in red. There is close agreement between this
convolved model and the Xtend data, demonstrating that our Comp. X
from Resolve is consistent with the Xtend data. The blue dashed line
represents the continuum plus the broad Fe K emission (Sect. 3.1), un-
der which the broad Fe xxvi absorption is evident in the Xtend spectrum,
likewise seen in the Resolve spectrum (Fig. 1).

ence of Comp. X is evident in the Xtend spectrum. Therefore, in
our spectral modeling the broad feature is consistent with Fe xxvi
absorption with a sub-relativistic outflow velocity of 0.05 c.

Our best-fit model and residuals are shown in Fig. 1, with
the corresponding best-fit parameters listed in Table 1. The re-
duced C-statistic of our best fit is 1.0. The reported statisti-
cal uncertainties on the parameters correspond to the 1σ con-
fidence level. Figure 3 illustrates the individual contribution of
each xabs component to the overall absorption. The highest
ionization components (Comps. A1, C, and X) are needed to
model Fe xxvi absorption at different velocities, while most of
Fe xxv absorption is produced by Comps. A1 and B. Further-
more, Comp. B is also responsible for absorption by Fe xviii to
Fe xxiv. Components A2 and A3 reproduce the lower ionization
lines from Si, S, and Ar in the 1.8–3.3 keV band. The C-statistic
improvement ∆C in fitting the absorption lines by each compo-
nent is: 41 for Comp. A1, 129 for Comp. A2, 52 for Comp. A3,
168 for Comp. B, 31 for Comp. C, and 30 for Comp. X.

A close-up view of the absorption profile of the Fe xxv reso-
nance line (1s–2p transition), along with the corresponding best-
fit model, is presented in Fig. 4. For comparison, the absorption
profiles of the Lyα and C iv lines from the 2024 HST/COS spec-
trum are shown in the bottom panel of Fig. 4. Furthermore, in
Fig. 5, we examine the relationships between the parameters of
the six outflow components. The absorption measure distribu-
tion (AMD, Holczer et al. 2007), defined as |d NH/d (log ξ)|, is
also shown in the top panel of Fig. 5. These results are discussed
in detail in the following section.

In our SPEX modeling, the line energies for the highly ion-
ized Fe xxv and Fe xxvi transitions are taken from the NIST
Atomic Spectra Database (Kramida et al. 2024), while those
for the lower ionization species are obtained from the Flexi-
ble Atomic Code (FAC, Gu 2008). This implies uncertainties of
∼1 eV or better in the line energies, which do not affect the con-
clusions drawn from the velocities reported in Table 1.
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Table 1. Best-fit parameters of the outflow components that we have
determined from the XRISM Resolve spectrum of NGC 3783.

Comp. vout log ξ NH σv
(km s−1) (erg cm s−1) (1021 cm−2) (km s−1)

A1 590 ± 30 3.19 ± 0.07 3.6 ± 0.8 40 ± 20
A2 560 ± 20 2.52 ± 0.03 11 ± 1 60 ± 20
A3 600 ± 40 1.65 ± 0.10 23 ± 2 < 10
B 700 ± 40 2.96 ± 0.07 15 ± 1 420 ± 40
C 1170 ± 100 3.56 ± 0.10 9 ± 3 250 ± 60
X 14,300 ± 1100 4.00 (f) 107 ± 14 3500 ± 1000

C-stat / expected C-stat = 3435 / 3437 ≈ 1.0
C-stat / degrees of freedom = 3435 / 3428 ≈ 1.0

Notes. Components are labeled with a letter in ascending order of out-
flow velocity vout, and those with consistent vout are further sub-labeled
by a number in descending order of ionization parameter ξ. The best-fit
parameters of the power-law component (pow) are Γ = 1.79± 0.01 with
normalization of 4.16 ± 0.06 × 1051 photons s−1 keV−1 at 1 keV.

4. Discussion

4.1. Physical structure of the highly ionized outflows

The XRISM/Resolve spectrum of NGC 3783 has unveiled a
rich array of well-resolved absorption lines, providing a detailed
probe of the complex structure of the ionized outflows in this
AGN. The high spectral resolution of Resolve allows the dis-
entangling of ionization and velocity components in highly ion-
ized outflows, a task previously unattainable. Our spectroscopic
and photoionization modeling has identified six distinct absorp-
tion components, spanning a wide range of ionization states
(log ξ = 1.65 to 4.0) and outflow velocities (560 to 14,300
km s−1). For the first time, the high-resolution Resolve spec-
trum allows direct measurements of the turbulent velocity σv for
individual absorption components. The associated photoionized
emission lines appear faint in the Resolve spectrum due to both
the dominance of numerous absorption lines and the likely small
covering factor of the emission region.

The XRISM/Resolve studies of outflows in the quasar
PDS 456 (XRISM Collaboration et al. 2025), the Seyfert-1
galaxies NGC 4151 (XRISM Collaboration et al. 2024), and
NGC 3783 (this work) are commonly finding signatures of out-
flows in the Fe K band with similar charge states. Interest-
ingly, these results suggest that both the UFOs and the slower
highly ionized outflows in AGN are complex structures con-
sisting of multiple ionization and velocity components. Five of
the absorption components in NGC 3783 (Comps. A1 to C) are
consistent with ionized outflows (the so-called warm absorbers;
Yamada et al. 2024) that are typically associated with the torus
and the NLR, while the broader absorption of Comp. X suggests
an association with the BLR. Interestingly, the trend shown in
Fig. 5 (middle panel) indicates that σv increases with ξ, suggest-
ing that regions of higher ionization are associated with more
dynamic and energetic gas movements. This may be because gas
closer to the black hole is more highly ionized and turbulent,
influenced by faster Keplerian motion in the stronger gravita-
tional potential. Additionally, in magnetohydrodynamic (MHD)
models of AGN outflows (see e.g. Fukumura et al. 2015, 2022),
such relations between σv and ξ can be produced by magneti-
cally driven winds.

Previously, target-of-opportunity (ToO) observations of
NGC 3783 with XMM-Newton and HST/COS revealed that dur-
ing an obscuration event in 2016, a new broad absorption feature
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Fig. 3. Transmission model of the six outflow components. The spectra
correspond to the best-fit model parameters of Table 1. Components
are labeled with a letter in increasing order of outflow velocity vout, and
those with similar vout are further sub-labeled by a number in decreasing
order of ionization parameter ξ.

emerged in the Fe K band (Mehdipour et al. 2017). This com-
ponent exhibited an outflow velocity of 2300 km s−1, similar to
the broad UV absorption lines (e.g. C iv) associated with the ob-
scurer, suggesting that the obscuring gas spans a wide range of
ionization states. However, the broad absorption component de-
tected in the 2024 Resolve spectrum is unrelated to the obscurer,
as it exhibits significantly higher outflow velocities. Addition-
ally, our 2024 X-ray observation does not show signs of obscu-
ration. The newly identified Comp. X, which would have been
challenging to detect with XMM-Newton, likely originates closer
to the black hole than the obscurer.

The comparison of absorption line profiles for Fe xxv, C iv,
and Lyα in Fig. 4 provides valuable insights and offers a model-
independent way to examine their shapes. While these lines
show both similarities and differences, they all exhibit absorp-
tion across a range of velocities, indicating that the outflowing
gas consists of multiple velocity components. The Fe xxv profile
appears asymmetric, with absorption extending to higher veloc-
ities. We note that the broadening of the Fe xxv absorption in
Fig. 4 is almost entirely due to the resonance line in each of
the three xabs components, with the contribution from the inter-
combination line being minimal. Nonetheless, the spectral fitting
accounts for all transitions, allowing us to reliably determine the
broadening of each component.

The broad and asymmetric absorption profiles observed
in Fe xxvi (Figs. 1 and 2) and Fe xxv (Fig. 4) resemble the
MHD wind absorption profiles predicted by the simulations of
Fukumura et al. (2022), which exhibit comparable absorption
troughs. Interestingly, there is also a striking resemblance be-
tween the Fe xxv and UV lines (Fig. 4), as all three exhibit their
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Fig. 4. Absorption profile of the Fe xxv resonance line in the XRISM
Resolve spectrum compared to those of Lyα and C iv in the 2024 HST
COS spectrum. The data are normalized to the continuum, showing the
flux ratio on the y-axis. The red model in the middle panel corresponds
to the best-fit model that is shown in Fig. 1 with its parameters given
in Table 1. The top panel illustrates how the individual components of
the model contribute to the Fe xxv absorption. In this figure negative
velocity corresponds to an outflow, while positive corresponds to an
inflow.

deepest absorption trough at the same velocity (∼ −600 km s−1).
There is an interplay between ionization and velocity in shaping
the observed absorption features. Figure 4 (top panel) shows that
the highly ionized Comps. B and C of the outflows are intrinsi-
cally broader (due to higher turbulence) than their UV counter-
parts. This intrinsic line broadening results in blending of the
spectral components. We note that while we attribute the intrin-
sic line broadening of each component to a single turbulence pa-
rameter, in reality, each component may have an even more com-
plex velocity structure, resulting in ‘velocity shear.’ However, in
practice it is challenging to constrain such details from spectral
fitting alone. Nonetheless, by modeling the full XRISM/Resolve
spectrum, the individual outflow components can be disentan-
gled and parameterized, as shown in Fig. 3, the top panel of
Fig. 4, and Table 1.

The bottom panel of Fig. 4 shows that Lyα traces the greatest
number of absorption components. Notably, the highest veloc-
ity component at approximately –1300 km s−1 and the lowest at
+100 km s−1 are observed in Lyα. The +100 km s−1 Lyα compo-
nent likely originates from distant neutral or weakly ionized gas
in the AGN’s host galaxy, slowly inflowing toward the nucleus.
Such a neutral or low-ionization gas would not be expected to
have a corresponding high-ionization counterpart, explaining the

absence of absorption in the Fe xxv profile at this velocity (Fig.
4, middle panel). Interestingly, the –1300 km s−1 Lyα compo-
nent appears to correspond to Comp. C in X-rays, whose Fe xxv
absorption model is shown in the top panel of Fig. 4. Neutral
hydrogen can persist even in highly ionized gas due to its high
abundance and the inhomogeneous nature of the medium. For
example, Lyα counterparts of X-ray UFOs have been identified
in other AGN (Kriss et al. 2018a; Mehdipour et al. 2022b). As
shown in the bottom panel of Fig. 4, the Lyα outflow compo-
nents are generally broader than those of C iv, suggesting that
Lyα traces gas that is more turbulent and closer to the black hole.
Additionally, both Fe xxv and Lyα profiles extend to higher ve-
locities than C iv, indicating that more highly ionized gas is as-
sociated with faster outflows.

In NGC 3783, we find gas spanning a wide range of ion-
ization states, with similar outflow velocities detected in both
X-ray and UV spectra (Fig. 4). This indicates a clumpy out-
flow structure, in which denser (cooler) clouds are embedded
within a more diffuse (hotter) medium. Such clumpy outflows
are commonly seen in joint X-ray and UV spectroscopic stud-
ies of AGN (e.g. Mehdipour et al. 2022a; Zaidouni et al. 2024).
Various thermal and hydrodynamic instabilities have been pro-
posed to explain the formation of clumpy outflows in AGN (e.g.
Takeuchi et al. 2013; Dannen et al. 2020; Waters et al. 2022).
Alternatively, disk wind models (e.g. Fukumura et al. 2017,
2024) have been shown to reproduce the spectral characteris-
tics of a wide range of AGN outflows, from UFOs to broad
absorption (obscurers) and narrow absorption (warm absorber)
outflows.

4.2. Energetics and origin of the highly ionized outflows

We derive estimates for the kinetic luminosity of the outflows,
Lkin = 1/2 Ṁout v

2
out = 1/2 µmp NH RΩCV v

3
out, where Ṁout is the

mass outflow rate, µ the mean atomic weight per proton (≈ 1.43,
from SPEX), mp the proton mass, Ω the solid angle, CV the vol-
ume filling factor, and R the radial distance from the source.
For R, we assume minimum and maximum constraints fol-
lowing Blustin et al. (2005). The minimum is set by the es-
cape velocity condition: R ≥ 2 G MBH/v

2
out, where the black hole

mass MBH = 2.82 × 107 M⊙ (Bentz et al. 2021). The maximum
is based on a thin-shell scenario: R ≤ Lion CV/(ξ NH), where
the 1–1000 Ryd ionizing luminosity Lion = 6.4 × 1043 erg s−1

(Mehdipour et al. 2017) is from the SED described in
Sect. 3.2. We adopt a time-averaged bolometric luminosity of
Lbol = 2.1 × 1044 erg s−1 from the broadband continuum model-
ing of Mehdipour et al. (2017). This corresponds to an Edding-
ton luminosity ratio of Lbol/LEdd = 0.06. Using a fiducial value
of Ω ∼ 2π (Crenshaw & Kraemer 2012), and a volume filling
factor CV ∼ 0.2 (XRISM Collaboration et al. 2025) from simi-
larly clumpy, highly ionized outflows in PDS 456, we find that
for Comp. X, Lkin/Lbol ranges from 0.008 to 0.03. This sug-
gests that Comp. X can contribute significantly to AGN feed-
back, which requires Lkin/Lbol ≳ 0.005 (Hopkins & Elvis 2010).
Using the minimum and maximum values of R for Comp. X
(0.4–1.2× 1016 cm), its inferred density nH ∼ NH/(CV R) ∼ 0.4–
1.5 × 108 cm−3 is interestingly similar to that of the clumps in
the UFOs of PDS 456 (nH ∼ NH/dclump ∼ 0.8–6.7 × 108 cm−3;
XRISM Collaboration et al. 2025). For the other slower compo-
nents in NGC 3783 (Comps. A to C), Lkin is much smaller, with a
combined Lkin/Lbol of 0.0002–0.0006. This means that, even as-
suming these slower components are escaping winds (with some
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Fig. 5. Relations between the parameters of the six outflow compo-
nents derived from the XRISM Resolve spectrum of NGC 3783. The
top panel displays the column density NH and the AMD as functions
of the ionization parameter (log ξ). The middle and bottom panels show
the turbulent velocity (σv) and outflow velocity (vout) as functions of
log ξ, respectively. The component label (Table 1) for each data point is
shown along the lower edge of the bottom panel.

possibly being failed winds), their kinetic luminosity is nonethe-
less insignificant in either scenario.

The relations in Fig. 5 provide further insight into the
properties of outflows observed with XRISM. The AMD is
a powerful tool for probing the multi-phase nature of AGN
outflows (Holczer et al. 2007; Behar 2009; Stern et al. 2014;
Adhikari et al. 2019). The radial density of the outflow, as in-
ferred from the AMD, is useful for linking observations to phys-
ical models of AGN wind launching and driving mechanisms.
The AMD derived from XRISM/Resolve (Fig. 5, top panel) of-
fers significantly greater detail, especially at higher ionization
parameters, compared to those obtained with previous X-ray
missions. Our results reveal that NH and the AMD generally
decline from log ξ = 1.65 to 3.2, before rising at higher ioniza-
tion parameters (Fig. 5, top panel). While a roughly flat AMD
shape in the lower-ionization regime (log ξ < 3.2) cannot be con-
clusively ruled out, nonetheless, our interpretation of the AMD
(discussed below) remains unchanged regardless of whether the
shape is declining or flat. Additionally, we emphasize that the

significant increase in NH due to Comp. X is robust, despite its
ionization parameter being fixed to the minimum feasible ξ in
our modeling, as a higher ξ would require an even greater NH.
Interestingly, while the faster outflow components generally ex-
hibit higher turbulent velocities (Table 1), a significant jump in
the outflow velocity is observed above log ξ = 3.2 (Fig. 5, bot-
tom panel). These AMD and velocity trends are not easily at-
tributable to a single wind-driving mechanism, pointing instead
to a more complex outflow structure in NGC 3783.

Our results point to the presence of a ‘hybrid wind,’ giving
rise to two distinct patterns in the lower-ionization and higher-
ionization regimes. The declining AMD trend at lower ioniza-
tion (log ξ < 3.2) is consistent with thermally driven winds, as
shown by Dyda et al. (2017), while the increasing trend at higher
ionization (log ξ > 3.2) aligns with expectations for magneti-
cally driven winds (e.g., Fukumura et al. 2015). Moreover, the
significant increase in outflow velocity at higher ionization fur-
ther supports this interpretation, in which the slower outflows
are thermal winds (e.g., Mizumoto et al. 2019) and the faster
outflows are magnetic winds (e.g., Fukumura et al. 2010). Ther-
mally driven winds are inherently slow, typically outflowing at
hundreds of km s−1 (e.g. Ganguly et al. 2021), consistent with
our Comps. A1, A2, A3, and B. In contrast, magnetically driven
winds can reach velocities of several thousand km s−1, and in
some cases, reach relativistic speeds, in line with our Comps. C
and X. Therefore, our findings suggest that the absorption along
our line of sight originates from two distinct regions: a highly
ionized, magnetically driven disk wind, surrounded by thermally
driven ionized outflows farther out. We note that radiatively
driven outflows (e.g. Proga et al. 2000; Giustini & Proga 2019;
Waters et al. 2021; Mizumoto et al. 2021) can also contribute
significantly in the ‘hybrid wind’ scenario that we observe in
NGC 3783. In this Paper I of our series, we have focused on
the kinematic and ionization structure of the highly ionized out-
flows in the time-averaged XRISM/Resolve spectrum. To gain
a more complete understanding, all phases of the outflows, in-
cluding those in the soft X-ray (XMM-Newton/RGS) and UV
(HST/COS), must be studied alongside the XRISM/Resolve re-
sults. In our follow-up papers, we plan to carry out such a multi-
wavelength investigation.

5. Conclusions

Our XRISM/Resolve analysis of NGC 3783 reveals multi-
component, highly ionized outflows in this AGN. We identify six
absorption components: five with relatively narrow absorption
lines and moderate outflow velocities (560–1170 km s−1), and
one broad absorption component outflowing at sub-relativistic
speeds (0.05 c). With a kinetic luminosity of 0.8–3% of the
bolometric luminosity, this sub-relativistic component is likely
to be energetically significant for AGN feedback. The Resolve
spectrum shows that higher-ionization absorption lines (such as
Fe xxvi and Fe xxv) are generally broader than those of lower-
ionization species, suggesting that the gas closer to the black
hole is more highly ionized and exhibits higher turbulence, likely
due to increased Keplerian motion in the deeper gravitational po-
tential. Additionally, the column density NH generally decreases
with the ionization parameter from log ξ = 1.65 to 3.2, but sig-
nificantly increases at higher values, hinting at a complex ion-
ization structure along our line of sight. Comparing the kinemat-
ics of the highly ionized outflows with the UV absorption lines
(Lyα and C iv) observed by HST/COS reveals that gas across
a wide range of ionization states outflows at similar velocities,
which is indicative of a clumpy, multi-zone outflow structure.
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The trends observed by XRISM/Resolve between the param-
eters of the outflow components in the lower and higher ion-
ization regimes suggest a ‘hybrid wind’ scenario, in which a
faster, magnetically driven disk wind is surrounded by slower,
thermally driven outflows extending further out. These findings
demonstrate the power of high-resolution X-ray spectroscopy in
the Fe K band for probing AGN winds. When combined with
multiwavelength observations of the outflows, they provide cru-
cial insights into the structure and driving mechanisms of AGN
outflows.
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Fig. A.1. Comparison of the count rate spectra of the source (black) and
the NXB (blue) in the XRISM/Resolve observation of NGC 3783. The
best-fit model, described in Sect. 3, is shown in red. The NXB contribu-
tion across the bandpass is mostly minimal.

Appendix A: Non-X-ray Background in the Resolve
Spectrum of NGC 3783

We show in Fig. A.1 the XRISM/Resolve count rate spectrum of
NGC 3783, together with the corresponding Non-X-ray Back-
ground (NXB) model. The NXB contribution is mostly mini-
mal, becoming marginally relevant toward the ends of the band-
pass. Additional details on the Resolve data reduction and NXB
modeling are provided in Sect. 2.1 and XRISM Collaboration
(2025c, Paper II).
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