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Abstract
We present optical to near-infrared observations of the nearby Type Iax supernova SN 2014dt. We successfully monitored the SN just
after the discovery (~15 days) through beyond 410 days after the maximum light, and achieved unprecedentedly long-term coverage in
multi-band (Opt through NIR) light curves among SNe Iax. The light curve is overall explained by a combination of normally-declining
component and more slowly-declining one. The former would be caused by the ejecta and the latter by inner dense core, possibly the
bound remnant. Applying an analytical light curve model and the scaling laws, we estimate the explosion parameters, e.g., ejecta mass
and kinetic energy. These findings are consistent with the prediction of the weak deflagration model, leaving a bound white dwarf
remnant after the explosion.

・・・ー Type Iax Supernovae ー ・・・

Spectral Evolution and Line Velocity

・・・ー Observations ー ・・・
Discovery : 2014 October 29
Host Galaxy : M61 (12.3Mpc, Bose & Kumar et al. 2014)
Follow-up observation : Started November 3 ~
(I) 1.5m Kanata telescope @Hiroshima Univ.
Optical / NIR Photometry (B V Rc Ic J H Ks-band)
Optical Spectroscopy (4500 ~ 9000Å, R = 400 at 6000Å)
(II) 51cm telescope @Osaka Kyoiku Univ.
Optical Photometry (B V Rc Ic-band)
(III) 8.2m Subaru telescope @Mauna Kea (Hawaii, USA)
Optical Photometry (V Rc-band)
Optical Spectroscopy (4600 ~ 10000Å, R = 650 at 6000Å)
(II)

(I)

(III)

・・・ー Results ー ・・・
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The spectra of SN 2014dt are similar to those of SN 2005hk. The
lines of SN 2014dt are overall narrower and less blue-shifted in
early phase (which is reversed by ~410 days). Therefore, the
expansion velocity of SN 2014dt is slower than that of SN 2005hk.

・・・ー Discussion ー ・・・
Estimate the Explosion Parameters
By fitting a semi-analytic light curve model (Maeda et al. 2003),
we estimate expansion parameters. Since a one component
model fails, we adopted a two component model.
Model Light Curve

The red filled circles
→the sum of fluxes in BVRcIc-bands
The open circles
→the sum of fluxes in VRc-bands
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We plot the light curve of
2005hk (red asterisks) shifted to
match that of SN 2014dt at 20–40
days.

The higher density component (τ > 250 ) → the bound remnant
The other lower density component (τ ~ 1.3 ) → the ejecta
56
・Peak luminosity → 𝑁𝑖 mass
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Type Ia supernovae have been used to measure cosmic-scale
distances of galaxies, since there is a well-established correlation
between the peak luminosity and following decline rates.
For some of SNe Ia, the decline rate is similar; while, the peak
luminosity is too faint (>~1 mag)
→ SN 2002cx-like SNe or Type Iax supernovae
(Li et al. 2003, Foley et al. 2013)
Other characteristics of SNe Iax
・The expansion velocity is slow
→ 2,000 ~ 8,000 km/s @ peak luminosity
・The early phase spectra show blue continuum
→ higher temperature photosphere
The explosion mechanism of SNe Iax is still under debate.
The observational material is also still limited, e.g., small sample of
observations (about 10 cases in the photometry observation of up
to 60 days).

●… 14dt
●… 05hk (Phillips et al. 2007;
Blondin et al. 2012;
Silverman et al. 2012)

・Optical depth to nuclear γ-ray: τ ≈

(𝑀𝑒𝑗 /𝑀⊙ )2

・Expansion velocity : 3,600 ~ 4,200 km/s
Solid (and dashed) lines
denote light curves of SN Iax
2005hk. (Phillips et al. 2007,
Sahu et al. 2008)
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Although the discovery was a few weeks after maximum, we
successfully obtained long-term light curves. We assume that the
light curves of SN 2005hk in the early phase match those of SN
2014dt. After ~60 days the decline rate of SN 2014dt becomes
smaller than that of SN 2005hk.
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Against the proposed explosion models, we can give some
constraints from the viewpoints of above parameters. Since the
progenitor is not bright in the pre-explosion HST image (Foley et al.
2015), we consider that the weak deflagration model with a bound
remnant is most plausible for SN 2014dt.
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