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ABSTRACT

Context. Type Ia supernovae (SNe Ia) can be used to address numerous questions in astrophysics and cosmology. Due to their well
known spectral and photometric properties, SNe Ia are well suited to study gas and dust along the lines-of-sight to the explosions.
For example, narrow Na I D and Ca II H&K absorption lines can easily be studied, because of the well defined spectral continuum of
SNe Ia around these features.

Aims. We study the gas and dust along the line-of-sight to iPTF16abc, which occurred in an unusual location, in a tidal arm, 80 kpc
from the galaxy NGC 5221.

Methods. Using a time-series of high-resolution spectra, we examine narrow Na I D and Ca Il H&K absorption features for variations
in time, which would be indicative for circumstellar (CS) matter. Furthermore, we take advantage of the well known photometric
properties of SNe Ia to determine reddening due to dust along the line-of-sight.

Results. From the lack of variations in Na I D and Ca Il H&K, we determine that none of the detected absorption features originate
from the CS medium of iPTF16abc. While the Na I D and Ca II H&K absorption is found to be optically thick, a negligible amount
of reddening points to a a small column of interstellar dust. We further detect a diffuse interstellar band (DIB) at 16284, which may
be the first such detection in a tidal tail of a galaxy.

Conclusions. We find that the gas along the line-of-sight to iPTF16abc is typical of what might be found in the interstellar medium
(ISM) within a galaxy. It suggests that we are observing gas that has been tidally stripped during an interaction of NGC 5221 with
one of its neighbouring galaxies in the past ~ 10° years. In future, the gas clouds could become the locations of star formation. On
a longer time scale, the clouds might diffuse, enriching the circum-galactic medium (CGM) with metals. The gas profile along the

line-of-sight should be useful for future studies of the dynamics of the galaxy group containing NGC 5221.
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1. Introduction

Type Ia supernovae (SNe Ia) have such uniform properties
that they are frequently described as "standard candles", which,
among other applications, enables detailed measurements in cos-
mology (see for instance Goobar & Leibundgut 2011). The
well-known brightness and spectral energy distribution (SED)
of SNe Ia can also be used to study gas and dust along the lines-
of-sight.

Due the well defined continuum of SNe Ia, typical absorption
features of the interstellar medium (ISM) of their host galax-
ies, such as Na I D and Ca II H&K, can frequently be identi-
fied. Furthermore, diffuse interstellar bands (DIBs), which are
largely of unknown chemical origin (Snow 2001; Snow & Mc-
Call 20006), are sometimes detected in the spectra (e.g. Sollerman
et al. 2005). We take advantage of the standard candle properties
of SNe Ia to study dust. Comparing the lightcurves of a given
SN Ia with an SED template, extinction and reddening can be
determined to study the dust properties along the line-of-sight.

For example, the nearest SN Ia in modern times, SN 2014]J,
(Goobar et al. 2014), has been used to study details of the ISM

* Based on observations collected at the European Organisation for
Astronomical Research in the Southern Hemisphere under ESO DDT
programme 297.D-5005(A), P.I. Ferretti.

composition of M82 (Welty et al. 2014; Ritchey et al. 2015).
Furthermore, an unusual extinction curve was identified which
possibly points to very small dust grains in the ISM or dust in the
circumstellar (CS) medium of the supernova (Amanullah et al.
2014; Foley et al. 2014).

SNe Ia can be used to study a large variety of lines-of-sight.
Due to the large delay times of ~ 108-10° years between the
formation of a SN Ia progenitor system and the explosion (Maoz
et al. 2012), they are known to occur almost anywhere in their
host galaxies. An extreme example is PTF10ops, which was lo-
cated at a projected distance of 148 kpc from the nearest possible
host galaxy (Maguire et al. 2011).

It is thus possible for SNe Ia to occur in regions with low
stellar density, such as tidally stripped spiral arms of a galaxies.
Tidal arms are thought to be the result of close interactions of
neighbouring galaxies (as shown in the simulations by Toomre
& Toomre 1972). SNe Ia occurring in such locations can be used
to study the interstellar gas and dust properties of regions that
have been affected by gravitational interactions. The ISM in tidal
arms can be the location of future star formation (Schombert
et al. 1990) and enrich the circumgalactic medium (CGM) with
metals.

To date no SN Ia located in a tidal arm has been studied in
detail, although at least one case is known (SN 2013de, Drake
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et al. 2013a,b). Here we investigate iPTF16abc, a SN Ia which
occurred in the tidal arm of its host galaxy NGC 5221. Due to
the large displacement of iPTF16abc from its host, the super-
nova was a good candidate to search for the presence of CS gas
via photoionisation using the method described in Ferretti et al.
(2016). Furthermore, the obtained high-resolution spectra and
photometry could be used to study the spiral arm it is located in.

In the following, we present the discovery and observations
of iPTF16abc (Section 2). We then describe the narrow absorp-
tion features detected in high-resolution spectra, as well as the
photometric reddening of iPTF16abc (Section 3). We further
show that the deep absorption features cannot be due to CS gas
surrounding the supernova, but are part of the tidally stripped
ISM of NGC 5221 (Section 4). Finally, we compare the line-of-
sight with NGC 5221 and discuss the features in the context of
the galaxy group NGC 5221 is located in (Sections 5 and 6).

2. Discovery and Observations of iPTF16abc

The intermediate Palomar Transient Factory (iPTF) first re-
ported the discovery of iPTF16abc (Miller et al. 2016), located
170” from the galaxy NGC 5221 at R.A., Dec = 13:34:45.492
+13:51:14.30 (J2000), a line-of-sight that has low Milky Way
reddening with E(B — V)yw = 0.028 (Schlafly & Finkbeiner
2011). A colour composite image of NGC 5221 and the location
of iPTF16abc is shown in Figure 1. The supernova was discov-
ered on 4.4 April 2016, while the first detection was on 3.4 April
and the last non-detection occurred on 2.4 April (UT dates are
used throughout the paper).

A classification spectrum of iPTF16abc was obtained with
the DeVeny spectrograph on the Discovery Channel Telescope
(DCT) (Cenko et al. 2016) on 5.3 April, which determined
it to be a SN Ia, possibly belonging to the subclasses resem-
bling SNe 1991T or 1999aa. A spectrum obtained with Gemini
N+GMOS on 5.4 April revealed the presence of deep Na I D
and Ca Il H&K absorption features. In response, extensive pho-
tometric and spectroscopic follow-up were triggered (Cao 2017,
in perp.).

As part of the follow-up of iPTF16abc, we received Direc-
tors Discretionary Time at the European Organisation for As-
tronomical Research in the Southern Hemisphere (ESO DDT
programme 297.D-5005(A), P.I. Ferretti). The spectra taken
with Xshooter (R ~ 7500 Vernet et al. 2011) and the Ultra-
violet and Visual Echelle Spectrograph (UVES; R =~ 50000
Dekker et al. 2000) both on Kueyen (UT2) 8.2 m unit at the
Very Large Telescope (VLT) are summarised in Table 1. The
Xshooter and UVES spectra were reduced using the REFLEX
(ESOREX) reduction pipeline provided by ESO (Modigliani
et al. 2010). Where necessary, telluric features were corrected
for using Molecfit (Smette et al. 2015; Kausch et al. 2015).

We analyse the photometry of iPTF16abc, which will be pre-
sented in Cao (2017, in prep.). From the Palomar Observatory
48-inch telescope (P48) we use g- and R-band photometry which
was obtained as part of the regular iPTF survey. Further we use
gr- and i-band photometry of the Palomar Observatory 60-inch
telescope (P60) and BVgr- and i-band from the Las Cumbres
Observatory Global Telescope (LCOGT). Ultarviolet (UV) pho-
tometry from the Ultraviolet/Optical Telescope (UVOT; Roming
et al. 2005) on the Swift spacecraft (Gehrels et al. 2004) uvm2-
filter and riZY J- and H-band with the Reionisation and Transient
Infrared/Optical Project (Fox et al. 2012) were obtained and was
used for this analysis.
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3. Absorption features and reddening

Deep well-defined narrow absorption lines corresponding NaI D
and Ca II H&K at the rest frame of NGC 5221 (z = 0.0234,
Courtois & Tully 2015) are evident in all Xshooter and UVES
spectra obtained. We detect two distinct groups of absorbers at
different radial velocities in the UVES sepctra. The absorption
line profiles can be seen in Figure 2, where the two deep feature
groups are centred at a radial velocity v, ~ =77 and =51 km s~!,
with respect to the host galaxy rest frame.

Both groups of absorption line features are visibly asymmet-
ric, indicating that the absorption features are composed of sev-
eral blended components. Unfortunately, the lines are too sat-
urated and blended to determine any further substructure with
confidence. Consequently, only lower limits of the column den-
sities of the absorbers could be determined. Both Na I D and
Ca II H&K can be considered to be optically thick, since their
line ratios (D2 / D1 and K / H) are much lower than 2, while
the corresponding transitions have oscillator strength ratios of
2-to-1 (Kramida et al. 2014). The equivalent widths (EWs) and
column density lower limits of the two absorption feature groups
are presented in Table 2.

Furthermore we detect a common DIB at 16284, of which we
measure an EW jg284= 150+30 mA, by assuming a Gaussian pro-
file and polynomial continuum. Interestingly, the DIB at 16284
is also detected in other SNe (e.g. 2001el, 2013gh and 2014J
Sollerman et al. 2005; Ferretti et al. 2016; Welty et al. 2014, re-
spectively), but is not necessarily detected in any galaxy, as the
example of Ritchey & Wallerstein (2015) in M51 shows. Other
known DIBs, such as 415780 and 5797, which are believed to
correlate well with reddening (Phillips et al. 2013; Baron et al.
2015), are not detectable above the noise level. Assuming a full-
width-half-maxima from SN 2001el for DIBs 415780 and 5797
of 2.0 and 0.7 A, the corresponding EWs must be < 150 and
< 50 mA, respectively given the signal-to-noise ratio.

We further detect K I at 417667 and 7701 in the Xshooter
spectra. From the spectrum obtained on 4 April, we measure
EWs = 112+ 9 and 71 + 6 mA, respectively. While the K 1
is also visible in the spectrum from 12 May, several noisy fea-
tures that do not correspond to telluric lines make precise EW
measurements difficult.

From the UV, optical and IR photometry of iPTF16abc we
can estimate the reddening of the SN by fitting the SED of
SN 2011fe (as in Amanullah et al. 2014, 2015) to the data. Aside
from the unusually fast rise of iPTF16abc, the above SED fits the
lightcurve and colours well. For this reason, we avoid including
the early photometry and the light-curves using the photometry
between phases p = —10 — +40 days.

The measured reddening is estimated to E(B — V) =
0.07 (0.05) for Ry = 1.4 (3.1), i.e. the full range of Ry = 1.4-3.1
values measured for SNe Ia (e.g. Amanullah et al. 2015). The fit
further determined the light-curve parameters g, = 57498.76
and s = 1.074, which define the B-band maximum brightness in
MIJD and the lightcurve stretch with respect to SN 2001 1fe (see
e.g. Goldhaber et al. 2001, for a discussion on lightcurve stretch),
respectively. All statistical uncertainties are subdominant, and
the errors are dominated by the assumed value of Ry. The fitted
values of E(B—V) correspond to an extinction of Ay = 0.1 (0.2).

The extinction can also be estimated by taking advantage of
the standard candle property of SNe Ia and comparing the mea-
sured peak brightness with the expected for the given redshift,
7z =0.0234, of NGC 5221. Using SNe Ia lightcurve fitter SALT2
(Guy et al. 2007), we find that Ay = —0.03 + 0.04 which is
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Fig. 1. The location of iPTF16abc, marked in the inset, with respect to its host galaxy NGC 5221. The tidal tail is visible spanning the space
between the galaxy and the supernova location. Coordinates at which SDSS spectra of NGC 5221 are available are marked and labeled S1 and S2.
The main image is a colour composite of the publicly available PanSTARRS data (Flewelling et al. 2016). The inset is a deep stack of iPTF P48

R-band images.

Instrument MID UT Date  Exp.time Phase Set-up

(s) (days)
Xshooter 57,4927 Apr. 14.7 1755 -6.1 UVB 1.0"/VIS 0.9"/NIR 0.9"
UVES 57,4952 Apr. 172 2x 1700 -3.6 0.8" DICI 390+580
UVES 57,503.1  Apr. 25.1 3450 4.3 0.8" DIC1 390+580
Xshooter 57,520.0 May 12.0 1829 21.2  UVB 1.0"/VIS 0.9"/NIR 0.9"

Table 1. Mid- and high-resolution spectra obtained with stretch-corrected phases in the rest frame with respect to B-band maximum.

well within the expected intrinsic peak brightness dispersion of
0.1 mag.

In the past, grey dust ejected from galaxies has been pro-
posed (Aguirre 1999a,b; Goobar et al. 2002) as an alternative ex-
planation to the observations interpreted as a cosmological con-
stant driven acceleration of the universe (Perlmutter et al. 1999;
Riess et al. 1998). Although quasar observations have shown that
grey dust is not responsible for the dim appearance of cosmo-
logical SNe Ia samples (Mortsell & Goobar 2003; Ménard et al.
2010), a small grey dust component could still lead to biased
measurements of cosmological samples. Matter streaming from
a galaxy is a suggested location where grey dust could be form-
ing. In such a scenario the line-of-sight to iPTF16abc should
probe and overdensity of grey dust, and the standard candle prop-
erties of this SN Ia can be used to constrain it. Since the peak

brightness of iPTF16abc is within the intrinsic scatter of SNe la
however, the grey dust column along the line-of-sight must be
negligible.

4. Absence of circumstellar absorption

Although the majority of the absorption lines detected in SNe Ia
spectra are believed to be due to gas in the interstellar medium
of their host galaxies, there exist observations that indicate the
presence of CS gas. For example, cases of slight variations in
absorption line profiles (Patat et al. 2007; Simon et al. 2009;
Graham et al. 2015; Ferretti et al. 2016) hint at photoionisation
or recombination and predominantly blue-shifted Na I D profiles
(Sternberg et al. 2011; Maguire et al. 2013) suggest outflowing
gas.
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Fig. 2. The Na I D doublet and Ca Il H&K of iPTF16abc by UVES and Xshooter. In the UVES spectra, two distinct groups of absorption features
with similar velocities are visible, while they are unresolved by Xshooter. The substructure of these groups is difficult to further discern due to the
optical thickness of the absorbers.

v NaIDl NalD2 ratio N(Na Df CallH CallIK  ratio N(Ca ID)*
(km/s)  (mA) (mA) (D2/D1) (X102 cm™)  (mA) mA) (K/H) (x102cm™)

77 2413 279+3 1.16 > 2.4 42+3 733 174 > 2.6

-51 278+3 312+4 1.12 > 0.9 1103 166+4 1.51 >2.4

Computed from "Na I D1 and *Ca II H

Table 2. Equivalent widths and column density lower limits of the Na I D and Ca Il H&K features with centroids at —77 and —51 km s!. The line
ratios are indicative of optically thick gas clouds, precluding us from computing exact column densities.

Models of CS gas surrounding SNe Ia suggest that photoion-  the presence of gas at different radii by searching for variations
isation should lead to a complete disappearance of absorption in the absorption by several species.
features by the time the explosion reaches maximum brightness
(Borkowski et al. 2009; Ferretti et al. 2016). Thus the remote lo-
cation and early discovery of iPTF16abc made it an ideal SNe Ia Using the method of Ferretti et al. (2016), we can exclude
candidate to search for CS matter by looking for changes in ab-  the presence of Na I gas at a distance of R®! ~ 1 x 10'8 —

. . Nal ~
sorption line profiles. 1%10'° cm, and Ca II gas at RS, ~ 8x 10" —3x 107 cm from

Ca Il

To detect photoionisa[ion’ spectra are required to be obtained iPTF16abc to 30. The exclusion limits do not include possible
early, have good a signal-to-noise ratio and high resolution. At errors in the SNe Ia SED as described in Ferretti et al. (2016).
early phases (around -14 days)’ most SNe Ia are still to fainttobe In particular, the exclusion limits obtained from Ca II must be
observed with high-resolution spectrographs. However the com-  taken with caution, due to the diversity of the SNe Ia SEDs.
bination high-resolution spectra at maximum light with lower
resolution (but high signal-to-noise) spectra at earlier times, al-
lows for optimal coverage of the phases during which photoion- The inner radius limit implies that all gas must have ionised
isation might occur. before the first Xshooter spectrum was obtained. Thus all the de-
tected absorption features must originate from gas farther from
iPTF16abc than the outer exclusion limit. Due to the broad na-
ture of intrinsic supernova spectral features, it is not possible to
further determine the systemic velocity of the supernova with
respect to the gas clouds. It is nevertheless plausible that the

Because different absorbers do not have the same ionisation progenitor system of iPTF16abc was moving with the tidally
energies, their ionisation rates differ. It is thus possible to exclude stripped gas behind which it exploded.

In Table 3, we present the time series of the measured EWs
of NaID and Ca Il H&K. It can be seen that there is neither sig-
nificant time variability in the EW measurements, nor are there
any visible changes in the line profiles.
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Instrument Date Phase R (1/64) S/N NalDl NaID2 CallH CallK
(days) (mA) mA) (@A)  (mA)

XShooter  Apr. 14  -6.1 7,4507 113 512+6 606+ 6 141+4 238+8

UVES Apr. 16 -3.6 68,000 20 5177 585+7 1477 240+6

UVES Apr. 24 4.3 87,000 25 5115 597+5 155+ 6 238+6

XShooter  May 12 21.2 7,4507 73 497+10 592+10 138+8 227+9

Average 511+3 597+3 145+3 237+3

"nominal XShooter resolution

Table 3. Equivalent widths of Na I D, Ca Il H&K, of iPTF 16abc using XShooter and UVES. The resolution of the UVES spectra were estimated
from the full width at half-maximum intensity (FWHM) of several telluric features, and the S/N per pixel is measured around the wavelength of

NalD.

5. Discussion

The position of iPTF16abc suggests that we are probing the ISM
in the tidal arm of NGC 5221. iPTF16abc is 170" from the core
of NGC 5221, which at a redshift of z = 0.0234 (Courtois &
Tully 2015), corresponds to at least 80 kpc.

The absorption lines span a radial velocity of —100 —
—30 km s~!, with respect to the rest-frame of the host galaxy
core. These values are smaller than the rotation velocity of
NGC 5221. Courtois & Tully (2015) quote a line width (twice
the rotation velocity) of 51020 km s~!. Furthermore, two Sloan
Digital Sky Survey (SDSS) spectra of spiral arms on opposite
sides of the galaxy show a velocity difference of 477 km s~!. The
coordinates at which the SDSS spectra have been taken prior to
explosion, are marked in Figure 1, whereby the eastern arm (S1)
is approaching and the western arm (S2) is receding with —254
and 223 km s~ respectively.

To further compare the radial velocity of the gas seen in the
iPTF16abc spectra with NGC 5221, we consider an H I pro-
file by the Arecibo L-band Feed Array (ALFA) as part of the
Arecibo Legacy Fast ALFA survey (ALFALFA, Giovanelli et al.
2005; Haynes et al. 2011). The beam of the ALFA encompasses
both the position of iPTF16abc and NGC 5221. In Figure 3, the
Na I D1 profile of the iPTF16abc line-of-sight is compared to
the ALFA H I profile of the entire galaxy.

The position of iPTF16abc allows us to estimate a time-
frame within which the gas must have been stripped from
NGC 5221. Assuming the gas is moving away from the galaxy
with a velocity of v 100 km s~!, it would take at last
8x10® years to reach a distance of 80 kpc, depending on the exact
projection angle. Models show that this time frame is consistent
with close encounters and mergers of large galaxies (Toomre &
Toomre 1972).

A number of galaxies, listed in Table 4, are at a compara-
ble redshift to NGC 5221 and within a few hundred kpc from
it. The two most prominent galaxies among the list, NGC 5222
and NGC 5230, are likely candidates to have interacted with
NGC 5221, producing the observed tidal stream. Hallenbeck
et al. (2016) have studied NGC 5230 as an example of a very
H I rich galaxy. In fact, the ALFALFA data they present in their
study shows that H I gas encompasses the entire galaxy group,
with column density maxima corresponding to NGC 5221,
NGC 5222 and NGC 5230. Thus the gas along the line-of-sight
of iPTF16abc is representative of gas that can end up in the CGM
of the group via interactions between the galaxies.

Narrow absorption lines, such as those detected in the spec-
tra of iPTF16abc, are not unusual features for SNe Ia spectra
(e.g. the sample of Sternberg et al. 2011). However, these fea-
tures typically appear in lines-of-sight of supernovae clearly sit-
uated within their host galaxies. The Na I and Ca II gas columns

~
=~

along the line-of-sight of iPTF16abc appear to be comparable
to typical lines-of-sight within galaxies. To illustrate this, we
consider the Na I D absorption in the two SDSS spectra avail-
able of NGC 5221. We find that the NaI D EWs of 2.1 + 0.5
and 2.9 + 0.9 A for the eastern and western spectra respectively.
Ca II H&K lines are unfortunately buried in noise in the SDSS
spectra and cannot be measured.

Although the Na I columns in the tidal stream and the
NGC 5221 differ by close to an order of magnitude, it is im-
portant to note the differences between the SDSS and supernova
Na I D EWs. In the case of the SDSS spectra, the absorption
lines represent the average absorption along the lines-of-sight
to all stars covered by the spectral fibre. The investigated col-
umn can thus be considered to be the average across an area of
~ 6 kpc? area of the galaxy. In comparison to this, the column
measured by the the supernova spectrum, spans the projected
area of a photosphere which is of the order of ~ 107 pc? at
maximum brightness'. We are thus comparing a very small area
in the tidal tail to the average of a large area within the galaxy,
where many more gas clouds with different velocities can be sit-
uated along the line-of-sight.

From ISM studies of the Milky Way, it is known that NaI D
and Ca Il H&K correlate with reddening and also H I column
densities (Poznanski et al. 2012; Murga et al. 2015, respectively).
These empirical relations can be used to estimate E(B — V) and
N(H I) for the line-of-sight of iPTF16abc. Since Na I D and
Ca II H&K of iPTF16abc are optically thick, only lower limits
can be computed and are presented in Table 5.

It is known that the empirical relations of Na I D to red-
dening work poorly for SNe Ia (Poznanski et al. 2011; Phillips
et al. 2013). iPTF16abc is another example with deep Na I D
absorption lines, but comparatively little photometric reddening.
The H I column density estimates are more difficult to compare
to. From the ALFA spectrum, we can compute that the entire
beam, spanning 3.5’ x 3.8’ contains My | 1.0 x 100 Mo,
corresponding to an average column density of N(H )= 3.7 x
10" cm=2. Most of the H I in the ALFA spectrum must be situ-
ated in NGC 5221, but could also have been stripped to locations
such as the line-of-sight of iPTF16abc. Assuming the Murga
et al. (2015) relations, this must be the case with N(H D)ey. >
10°! cm=2,

6. Summary and conclusions

We have presented the interstellar absorption lines observed in
the spectra of type Ia supernova iPTF16abc. The gas corre-
sponds to the tidally stripped ISM 80 kpc from the host galaxy
NGC 5221. We detected Na I D and Ca II H&K absorption fea-
tures in two distinct clusters at velocities =77 and —51 km s™!

' Approximated from 10* km s~! expansion after 21 days.
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Galaxy Redshift perp. Dist.”  Direction Morphology / Notes
(kpec)

2MASX J13341283+1349334  0.0235 296 w dwarf
2MASX J13343006+1348154  0.0242 184 WSW ?
SDSS J133443.53+134507.3 0.0253 161 SwW ? elongated dwarf
2MASX J13344815+1344391  0.0222 159 SSwW dwarf

NGC 5222 0.0231 154 S large elliptical

- 0.0228 150 S irregular overlapping merging with NGC 5222

NGC 5230 0.0229 363 SE large face-on spiral
SDSS J133509.69+135324.0 0.0234 136 NE dwarf

NGC 5226 0.0244 161 NNE spiral?
TAt z= 0.0234.

Table 4. Neighbouring galaxies of NGC 5221 at comparable redshift.
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Fig. 3. Comparison of the radial velocity of the Na I gas along the line-
of-sight of iPTF16abc and H I in and around NGC 5221. The ALFAHI
spectrum encompasses the position of iPTF16abc and NGC 5221. The
Na I D1 profile is shown from the from the Apr. 24 UVES spectrum.
Vertical dashed lines indicate the line-of-sight velocity of the two SDSS
spectra of NGC 5221, with labels S1 and S2 corresponding to those in
Figure 1.

reatue WEEW BSUE(B-V)  EsLNGHD
(mA) (mag) (x10?!' cm™2)
NaIDIl 511+3 > 0.32 > 1.2
NalD2 597+3 > 0.24 > 1.1
CallH 145+ 3 - > 0.23
Call K 237+3 - > 0.22

Table 5. Estimated reddening and H I column densities based on rela-
tions of Poznanski et al. (2012) and Murga et al. (2015), respectively.

from the systemic velocity of NGC 5221. We also detect K I and
a DIB at 16284, which are also typical constituents of interstel-
lar media, while reddening due to dust appears to be negligible.
Due to the standard candle nature of SNe Ia, we can also ex-
clude the presence if grey dust, since the extinction is negligi-
ble. If grey dust is to play a significant role in the inter galactic
medium, over densities could be expected in the environment
of iPTF16abc. We have shown that this unique line-of-sight, far
from a host galaxy, can have the same ISM properties as a line-
of-sight within a galaxy.

Article number, page 6 of 7

From the lack of variations in the NaI D and Ca Il H&K pro-
files, we determined that the observed gas cannot be part of the
CS environment of the supernova, since photoionisation would
have resulted in a significant change in the column density. Thus
the gas seen along the line-of-sight of iPTF16abc is the tidally
stripped ISM of NGC 5221. At the same time, the lightcurves of
iPTF16abc show very little reddening.

At the same time the standard candle nature of iPTF16abc
has allowed us to determine that the supernova is barely red-
dened compared with the normal SNe Ia colours.

NGC 5221 likely had a close encounter with one of its neigh-
bouring galaxies in the past ~ 10° years, when large portions of
gas and the progenitor system of iPTF16abc were tidally stripped
from it. A map of H I content of the group of galaxies includ-
ing NGC 5221, presented by Hallenbeck et al. (2016), suggests
that the group shares a common gas envelope. As the galaxies
within the group are likely to continue to interact and merge in
the future, the gas seen along the line-of-sight of iPTF16abc is
representative of the gas that is transplanted into the CGM sur-
rounding the galaxy group.

It has been shown that dense cold gas clouds can exist in the
CGM of galaxy groups for > 5 x 10% years (Borthakur et al.
2015). In future interactions with neighbouring galaxies, these
clouds can be the sites of star formation. On the long run how-
ever, the gas clouds could dissipate, enriching the CGM with the
detected metals.

The presented gas profiles along the line-of-sight of
iPTF16abc should be useful to future studies of NGC 5221, its
tidal tail and the galaxy group it is located in. In particular, the
profiles could compliment higher resolution observations of the
H I gas in NGC 5221 and the tidal arm, resolving the dynamics
of the galaxy group.
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