
NGC 3227 was observed three times by
the Chandra HETGS.
We used ISIS (Houck et al. 2000) to
perform the spectral analysis; plots are
shown in the rest frame of NGC 3227.

Left: The combined 1st order HEG+MEG
spectra, with a variable binning for
illustration purposes.
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Automated Emission & Absorption Line Search We performed an automated search for narrow emission and absorption lines across the 0.4–9 keV band using the combined
HEG+MEG data for ObsB and ObsC, using an algorithm that we developed in ISIS. We then investigated those results through direct
fitting of Gaussian line profiles to the spectra. The result is a list of approximate centroid energies for emission and/or absorption lines,
in order of their addition to the model, with line #0 being the first added line.
For the “binned”  (S/N≥ 4) spectra, we employed a χ2 fit statistic; for the unbinned data, we applied Cash statistics. 
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ObsB: Confidence contours show evidence
of double-peaked line emission near the rest
energy of Fe Kα, with centroid energies at  
~6.396 keV and 6.458 keV, respectively. 
The centroid energies of the two lines are
different, and both have non-zero equivalent
widths, to at least 99% confidence. 
Both halves of the ObsB observation also
show evidence of two distinct peaks. 

ObsC: Evidence of double-peaked Fe Kα
line emission is weaker in the full spectrum,
but may be present in the spectrum for the
first half of the observation.
For the full ObsC spectrum (and in the
second half of ObsC), single-peaked Fe Kα
line emission near 6.4 keV is preferred.

Unbinned ObsC HEG spectrum
and Model

ObsC Model 2 
Fe Kα contours

Unbinned ObsB HEG spectrum
and Model
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ObsC Model 2 
Fe XXV contours

ObsB Model 2 
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Solid contours: Full observation
Dotted/Dashed Contours: 1st/2nd half of the observation
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ObsC MEG+HEG spectrum
and Model

E = Erest/(1 + z)
σ = E × Width F actor

In ObsC, 11 absorption lines were found with 
a common blueshift (z ~ -0.002): Si viii, Si ix, 
Si x, Si xi, Si xiii r, Si xiii Lyβ, Si xiv Lyα, S xi, 
S xii, S xvi Lyα, and Mg xii Lyα.

Left: We applied a power law with a 
high-energy cutoff and a blackbody 
thermal component as a baseline continuum.  
Gaussian line components model the 11
absorption lines. 
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Narrow Line Structure in the HETG Spectra of NGC 3227

We present an analysis of the Chandra-HETG spectra of the highly variable Seyfert 1.5 galaxy NGC 3227 (z~0.00386), from two observations completed in 2016 and 2017. The first (~30 ks)
observation reveals evidence of double-peaked Fe Kα line emission, with centroid energies separated by ~60 eV. The second (~120 ks) observation provides evidence of several emission
lines from silicon and sulfur with a range of ionization states that indicate the presence of a warm outflow of material at ~ 600 km/s.  Fe XXV and Fe XXVI line features appeared to vary from
emission to absorption over the course of the two observations.

Previous X-ray studies of NGC 3227 have found:
Fe Kα emission with a FWHM consistent with a BLR origin and line emission at 6.0 keV
that may  be associated with the red wing of relativistically-broadened Fe K emission or
an accretion disk hotspot (XMM-Newton; Markowitz et al. 2009).
Fe XXV and Fe XXVI absorption and variable broad Fe Kα line emission (Suzaku;
Patrick et al. 2012).
Strong X-ray variability, with evidence for highly-ionized absorption (e.g., ASCA:
Ptak et al. 1994, LETG: Komossa et al. 2001, and XMM: Gondoin et al. 2003).
An occultation event (~1 day) attributed to a BLR cloud with an outflow velocity ~ 800
km/s (XMM; Turner et al. 2018; also see Grafton-Waters et al. 2023).  This occured
between the ObsB and ObsC HETG observations of NGC 3227.

We analyzed the unbinned HEG spectra to investigate the presence of narrow line features in the Fe K band.
A simple power-law model was applied to the 5.5–7.25 keV band.  
Gaussian line components were included to model Fe Kα, Fe Kβ, Fe XXV, and Fe XXVI line feaures.
The line width and the centroid energy shift of the Fe Kβ emission were tied to those of the Fe Kα emission, and the
flux was fixed at 13.5% of the Fe Kα line flux (Palmeri et al. 2003). 
We allowed for Fe xxv and Fe xxvi line emission or absorption. 

Table: Best-fitting centroid line energies (keV), line widths (keV), and line intensities (10  γ cm   s   ) for the full
observations (ObsA, ObsB, and ObsC) and for the two halves of each observation (ObsB1, ObsB2, ObsC1, ObsC2). 
Model 1: includes a single Gaussian line component to model Fe Kα line emission. 
Model 2: includes two Gaussian line components to model Fe Kα (as suggested by the probability histogram below).
Unconstrained centroid line energies within the hard boundaries for Fe Kα (6.3–6.48 keV), Fe Kα,a (6.37–6.42 keV),
Fe Kα,b (6.42–6.48 keV), Fe xxv (6.6–6.75 keV), and Fe xxvi (6.9–7 keV) are denoted by (u).
Fixed parameters are denoted by (f ). 
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Left: Probability density histograms showing the posterior
likelihood for the Fe Kα rest frame centroid energy value for
Model 1 applied to Obs. B. 
The single-peaked histogram (black) centered on ~ 6.43 keV
is for the full probability distribution. The probability
distribution first shifts to higher energy, and then splits into
two peaks, as we limit the distribution to line widths σ < 25
eV (green) and < 10 eV (brown), respectively. 

Fe XXV  emission is favored in ObsB;
absorption is favored in ObsC.  
Resonance (r), intercombination (i),
and forbidden (f) rest energies are
shown with dotted lines.
Fe XXVI is not well constrained in
either of the two observations.

Conclusions
Line emission near 6.4 keV in ObsB may be characterized by a single Fe Kα emission line with a blueshifted centroid energy (~6.427 keV) and a width 

      σ ~ 40 eV.  This width corresponds to a FWHM velocity ~4400 km/s, potentially placing the line-emitting material in the BLR if its motion is Keplerian.
Alternatively, there may be two narrower lines at ~ 6.397 (possibly associated with the torus) and 6.458 keV (possibly Fe K emission from the accretion
disk, or emission from an outflow). Better signal-to-noise data is needed to properly investigate whether this emission may be better described with physical
models, e.g., emission from a torus and/or a Kerr disk.  Spatially-resolved imaging could reveal whether the emission is extended.  
Our automated line search found 11 absorption lines with the same blueshift in ObsC, including seven different ionic states of Si and three of S, indicating a  
~ 600 km/s outflow.  The (shorter-exposure) ObsB line-search results are more ambiguous. Those results hint, however, that line emission is more likely in
ObsB than in ObsC, consistent with our results for the Fe XXV line feature. 
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We use Cash statistics and quote errors for the ∆C = 2.71 (90% confidence level for one free parameter).


