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We present photometry and time-series spectroscopy of the nearby type Ia supernova (SN Ia) SN 2015F over −16 days to +80 days relative to maximum light, obtained as
part of the Public ESO Spectroscopic Survey of Transient Objects (PESSTO). SN 2015F is a slightly sub-luminous SN Ia with a decline rate of ∆m15(B) = 1.35 ± 0.03 mag,
placing it in the region between normal and SN 1991bg-like events. Our densely-sampled photometric data place tight constraints on the epoch of first light and form of
the early-time light curve. The spectra exhibit photospheric C II λ6580 absorption until −4 days, and high-velocity Ca II is particularly strong at < −10 days at expansion
velocities of ≃23000 km s-1. At early times, our spectral modelling with syn++ shows strong evidence for iron-peak elements (Fe II, Cr II, Ti II, and V II) expanding at
velocities > 14000 km s-1, suggesting mixing in the outermost layers of the SN ejecta. Although unusual in SN Ia spectra, including V II in the modelling significantly
improves the spectral fits. Intriguingly, we detect an absorption feature at ∼6800 Å that persists until maximum light. Our favoured explanation for this line is
photospheric Al II, which has never been claimed before in SNe Ia, although detached high-velocity C II material could also be responsible. In both cases the absorbing
material seems to be confined to a relatively narrow region in velocity space. The nucleosynthesis of detectable amounts of Al II would argue against a low-metallicity
white dwarf progenitor. We also show that this 6800 Å feature is weakly present in other normal SN Ia events, and common in the SN 1991bg-like sub-class.

Left panel: UBVgriJHKs light curves of SN2015F obtained by the
PESSTO collaboration. SN2015F has been extremely well observed
from a few days after the explosion. The arrows at the bottom indicate
the epoch of the spectra. In the right-panel, we show the early V -band
photometry of SN 2015F, beginning 22.56 h after our last 3-σ nondetection (grey-arrows). The red line corresponds to the fitted power
law model ( fnorm ∝ (t − t0)n ; see Firth et al. 2015). The very good
sampling of the early light curve puts strong constraints on the time of
the explosion, which is a fundamental parameter to get an accurate
estimation of the mass of radioactive elements from the light curve.
The lower-panel, shows the residuals from the fit. The SN brightness
predicted by the model at the epochs of the upper-limits is consistent
with the non-detections (see inset).

Top left: The spectra of SN 2015F (black), SN 1990N (green), and SN 2011fe (magenta) at −14 d. We show for
comparison the spectra of SN 2011fe at −16.6 d and −16.3 d in blue and magenta, respectively. We emphasise the
high-velocity O I feature, marked with an arrow. We over-plotted SN 2011fe on top of SN 2015F to highlight the
similarities and differences. Telluric features are marked with an Earth symbol. Top right: As top-left, but focussing
on the region around C II λ6580 and λ7234 at −14 d. Lower left: A comparison between the spectra of SN 2015F, SN
2004eo (red), SN 2007af (blue), SN 2011fe (magenta), and SN 2012ht (brown) at ≃ −11 d. The decline rate ∆m15(B) is
indicated on the right. Lower right: as lower left, but focussing on the spectral region around C II λ6580 and λ7234,
an absorption feature at ~ 6800 Å is clearly visible on SN 2007af and SN 2015F. On the right panels, the grey region
mark the position of photospheric C II at an expansion velocity of 10000–14000 km s-1.

The −13 d spectrum of SN 2015F (black line) along with various syn++ models. The red line
corresponds to a syn++ model that includes photospheric Al II expanding at a velocity of
13000 km s-1, and iron-peak elements (V II, Ti II, Cr II, and Fe II) expanding at a velocity of
14800 km s-1. The blue line corresponds to a similar base model, but now includes a HV C II
component expanding at a velocity of 20000 km s-1, and not Al II. To show the contribution of
iron-peak elements, we present the same base model but computed excluding Ti II (orange
dot-dashed line), V II (magenta dotted line), and excluding Ti II, V II, and Cr II (cyan
dashed line). In these models we do not include HV C II or Al II. The inset shows the region
around the C II lines and the ∼ 6800Å feature. The grey regions mark the position of the
photospheric C II lines moving at 10000–14000 km s-1. The ions responsible for prominent
spectral features are indicated on the figure. The spectrum of SN 2015F is corrected by Milky
Way and host galaxy reddening.

Summary

Top : The comparison between SN 2015F at -13 d (black), SN 2015F at -6 d (red), SN 2005bl at -6 (green), SN 1999by
at -4 d (blue), and SN 1991bg at maximum light (brown). Lower-left: As in the top panel, but now centred on the
region 3300–5400 Å. In this spectral region, SNe Ia display several lines of iron-peak elements, and Ti II lines are a
distinctive feature of SN 1991bg-like SNe near to maximum light, and also present in SN 2015F at -13 d. Lower right:
As lower left, but focussing on the region around the 6800 Å feature, which is present in SN 2015F as well as in 91bglike SNe. Higher metallicity progenitors are predicted to yield more 27Al (see Iwamoto+99; Seintenzahl+13), also the
fact that 91g-like SNe tend to live in higher metallicity galaxies suggest that Al II could trace progenitor metallicity.

• We estimated the reddening and the distance to the nearby SN 2015F.
• We find trise(V) = 19.87 ± 0.08 d for SN 2015F.
• We have identify a previously un-noticed spectral feature at ~ 6800 Å,
most likely Al II, which could potentially trace the progenitor metallicity.
• We use syn++, to model the spectra of SN 2015F. We find lines of Fe-peak
elements such as Ti II, V II, Cr II, and Fe II expanding at high velocity (>
14800 km s-1) in the outermost layers of the SN. The inclusion of V II
improves significantly our syn++ models at early times (-14 d and -13 d).
• We will continue observations of the nearby SN 2015F up to 800 days with
VLT (PI R. Cartier).
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