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Integral Field Spectroscopy



• survey of ~600 galaxies of all types at 
z=0.005 to 0.03 

• diameter selected from SDSS DR7,  
45 < D25 < 80, to fit in the IFU FOV 

CALIFA mother sample: 939 galaxies 

• IFS using PPAK @ 3.5m CAHA 

2 setups: mid (V500) and high-res (V1200) 

spectral coverage [3700-7000 A] 

spatial resolution ~1 arcsec 

FoV ~1’ x ~1’ 

• ~3000 spectra per galaxy 

• data has been already freely distributed 
to the community: 

              DR1 (100 galaxies), husemann+13 
              DR2 (200 galaxies), garcía-benito+15 
              DR3 (670 galaxies), sánchez+16

The Calar Alto Legacy Integral Field Area (CALIFA) survey
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ABSTRACT

We use optical integral field spectroscopy (IFS) of nearby supernova (SN) host galaxies (0.005 < z < 0.03) provided by the Calar Alto
Legacy Integral Field Area (CALIFA) Survey with the goal of finding correlations in the environmental parameters at the location of
di↵erent SN types. In this first study of a series we focus on the properties related with star formation (SF). We recover the sequence
in association of di↵erent SN types to the star-forming regions by using several indicators of the ongoing and recent SF related to
both the ionized gas and the stellar populations. While the total ongoing SF is on average the same for the three SN types, SNe Ibc/IIb
tend to occur closer to star-forming regions and in higher SF density locations than SNe II and SNe Ia; the latter shows the weakest
correlation. SNe Ia host galaxies have masses that on average are ⇠0.3-0.8 dex higher than those of the core collapse (CC) SNe hosts
because the SNe Ia hosts contain a larger fraction of old stellar populations. Using the recent SN Ia delay-time distribution and the
SFHs of the galaxies, we show that the SN Ia hosts in our sample are expected to produce twice as many SNe Ia as the CC SN hosts.
Since both types occur in hosts with a similar SF rate and hence similar CC SN rate, this can explain the mass di↵erence between the
SN Ia and CC SN hosts, and reinforces the finding that at least part of the SNe Ia originate from very old progenitors. By comparing
the mean SFH of the eight least massive galaxies with that of the massive SF SN Ia hosts, we find that the low-mass galaxies formed
their stars during a longer time (0.65%, 24.46%, and 74.89% in the intervals 0–0.42 Gyr, 0.42–2.4 Gyr, and > 2.4 Gyr, respectively)
than the massive SN Ia hosts (0.04%, 2.01%, and 97.95% in these intervals). We estimate that the low-mass galaxies produce ten
times fewer SNe Ia and three times fewer CC SNe than the high-mass group. Therefore the ratio between the number of CC SNe and
SNe Ia is expected to increase with decreasing galaxy mass. CC SNe tend to explode at positions with younger stellar populations
than the galaxy average, but the galaxy properties at SNe Ia locations are one average the same as the global galaxy properties.

Key words. Galaxies: general – techniques: spectroscopic – (Stars:) supernovae: general – galaxies: star formation – galaxies:
stellar content

1. Introduction

Supernova (SN) explosions are one of the key processes that
drive the chemical evolution of galaxies. Throughout their life-
time, stars fuse lighter into heavier chemical elements in their
cores, and the explosion at the end of a star’s life is responsible
for dispersing the newly synthesized heavy elements into the in-
terstellar medium (ISM). The next generation of stars form from
gas that has already been enriched by heavier elements. Thus,
starting from gas consisting of only H, He, and a tiny fraction of
Li, the heavy-element content of galaxies gradually increases to
the present-day value of ⇠ 2% (Pagel 1997; Matteucci 2012).

Despite their key importance, the exact physical mechanisms
that generate the explosions and the nature of the progenitor stars
of SNe are not fully understood. It is generally accepted that
in the final stages of their evolution, stars with initial masses
heavier than ⇠ 8 M� lose their outer envelopes explosively. The
explosion is triggered by the gravitational collapse of their heavy
iron core into a neutron star or a black hole (Bethe et al. 1979;
Arnett et al. 1989); these are collectively referred to as core-
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collapse SNe (CC SNe). The end product of stars with masses
between ⇠0.5 and 8 M� is a degenerate carbon-oxygen (C/O)
white dwarf (WD) (Becker & Iben 1980). The upper mass limit
of C/O WDs is ⇠ 1.1 M� (Dominguez et al. 1999), but if such
a star can increase its mass to ⇠1.4 M�, thermonuclear reactions
can ignite in the center and the WD can be completely disrupted
in a very bright thermonuclear explosion that leads to a type Ia
SN (SNe Ia, Hoyle & Fowler 1960). CC SNe disperse large
amounts of intermediate mass elements (IME) such as oxygen or
carbon, but most of the synthesized iron-group elements remain
locked into the compact degenerate remnants. On the other hand,
a SN Ia produces few IME, but is a rich producer (⇠ 0.1� 1 M�)
of iron and iron-peak elements (Mazzali et al. 2007).

In the past few decades, SNe Ia have become recognized as
important cosmological probes. They are the best cosmological
standard candles known to date. The observations of SNe Ia led
to the discovery of the accelerating expansion of the Universe
and dark energy (Riess et al. 1998; Perlmutter et al. 1999). This
was possible because the empirically established tight relation
of the light-curve shape to peak luminosity allowed measuring
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ABSTRACT

We present the second study using optical Integral Field Spectroscopy (IFS) of nearby supernova (SN) host galaxies (0.005 < z < 0.03)
to characterize the environmental parameters at the location of di↵erent SN types. We increased the sample from Galbany et al. (2014)
with 29 objects, which makes a total sample of 125 SNe of all types in 110 galaxies. In this work we focused on studying the SN
environmental metallicities, for which wide-field IFS enables proper comparisons of di↵erent approaches. Using the O3N2 calibrator
from Marino et al. (2013), we found that the average metallicity at the location of SNe Ia is higher than at the position of CC SNe by
0.05 dex, being similar but slightly higher for Ibc than for SN II. While the central and total metal abundances are similar for CC SN
and SNIa hosts, the stellar metallicity of SN Ia host is significantly higher than that of CC SN host galaxies (< �Z>⇠ 0.010). When
the AGN contribution is excluded from the total spectra, the average metallicity of the SNe Ia host galaxies is 0.03 dex higher than
the measured not excluding the AGN. This can be interpreted as a systematic e↵ect when measuring metallicities of galaxies which
structure cannot be resolved (dwarf galaxies at lower redshifts or any galaxy at higher redshifts). By comparing the SN environmental
metallicity and the metallicity at the galaxy cores, we found that the central metallicity is a good proxy for SNe Ia local metallicities,
while it tends to overestimate the local value for both CC SNe types by 0.05 dex. This is the opposite we found for the total spectra,
while it is a good proxy for CC SNe it tends to underestimate by 0.04 dex the SN Ia local metallicity. Using the mass- and luminosity-
metallicity relations we found that both tend to overestimate the di↵erences by ⇠0.05 dex, which can be due to the turnover in the MZ
relation for early-type galaxies. We argued that the di↵erence in the SN galactocentric distance distributions is not a valid support
for the single progenitor scenario for SNe Ibc since although they tend to explode closer, (i) a significant fraction (⇠30%) of galaxies
show a decreasing metallicity gradient towards the center, and (ii) the actual local metallicity distributions of SNe Ibc and SNe II
are not significantly di↵erent although their radial distribution is. By extending our SN sample with published measurements of the
metallicity at the vicinity of the SN, we found a sequence from higher to lower metallicity: ZIa >ZIIn > ZIc >ZIbc ⇠ ZII > ZIb >
ZIIb > ZIc�BL, and significant increasing ratio of SN Ic at higher metallicities compared to other CC SN types. Our results support that
any of the proposed SN Ibc progenitors scenarios (single stars in environments with strong line driven winds and accretion from the
companion in binary systems) can be excluded, and the most probable situation is a combination of both.

Key words. Galaxies: general – Galaxies:abundances – (Stars:) supernovae: general

1. Introduction

Heavy elements are synthesized from lighter atoms in the
cores of stars. Such nuclear reactions balance the star self-
gravitational force, and last until the total mass does not provide
enough compression to keep lighting the core, or until the core
is full of iron. It basically depends on the initial mass of the
star, which rules its evolution and its end. Under particular con-
ditions some stars finish as supernovae (SNe), huge explosions
that shine at the level of the whole galaxy, and which produce
the enrichment of the interstellar medium (ISM).

Historically, SNe have been classified observationally in dif-
ferent types by the presence or absence of chemical elements
in their spectra. This does not correspond to the physical de-
scription of the explosions, which basically occur in two di↵er-
ent ways: thermonuclear explosions of Carbon-Oxygen white
dwarfs (CO WD), or collapse of the core of massive stars. When
a CO WD in a binary system accretes mass from a companion
(another WD or a main sequence star) up to the level of not being
able to be supported by the degenerate pressure of the electrons
(⇠1.4 M�), it explodes in what is called a type Ia SNe. The pro-
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genitor stars ending as a SN Ia comprise a wide range of ages,
following a delay-time distribution (DTD) with a form close to
t�1 from hundreds of Myrs to 11 Gyrs (Maoz et al. 2010). On
the other hand, core-collapse supernovae (CC SNe) are the final
stage in the evolution of stars with large initial masses (> 8 M�),
that undergo gravitational collapse after having formed their iron
core, only 4 to 40 million years after being born (Bethe et al.
1979; Arnett et al. 1989). Depending on the loss of the outer
envelope layers, CC SNe can be divided into several subtypes
in a continuous sequence: while type II SN progenitors keep all
their layers, type Ib lose the external H envelope, being type IIb
intermediate of those; type Ic lose both H and He layers showing
no evidence of any of these elements in their spectra.

The exact understanding of their progenitor systems, and ex-
plosion mechanism remains elusive. One of the hot topics in
SN science is the connection between the properties of observed
transients and progenitor systems. No direct progenitor detec-
tion for SNe Ia has been reported yet (but see McCully et al. 2014
for a detection of a SN Iax progenitor), however hetereogeneities
in the observed properties can be attributed to di↵erences in the
mechanism that drives the explosion, such as the nature of the
companion star (single or double degenerate scenario) or if the
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Pisc
the Pmas/ppak Integral-field Supernova host COmpilation

•   8/12 galaxies/SNe from the PINGS Survey (PI: Rosales-Ortega) 

•     4/5 galaxies/SNe from H09-3.5-068 (Local SNe Ia properties; PI: Stanishev) 

•     4/4 galaxies/SNe from the CALIFA pilot study (PI: Sánchez) 

• 102/116 galaxies/SNe from CALIFA DR3 

• 14/17 galaxies/SNe from CALIFA-extensions (PIs: Van den Ven, Barrera-Ballesteros, García-Benito, Marino) 

• 45/54 galaxies/SNe from H15-3.5-004 (Low-mass CC SNe hosts; PI: Galbany) 

• 21/27 galaxies/SNe from F16-3.5-006 (SNe with strong Na I D absorption; PI: Galbany) 

• 9/11 galaxies/SNe from H16-3.5-012 (SNe Ia in the NIR; PI: Galbany) 

• 12/13 galaxies/SNe from F17-3.5-001 (SNe Ia in the NIR II; PI: Galbany) 

• 13/13 galaxies/SNe from H17-3.5-001 (SNe Ia in the NIR III; PI: Galbany) 

• 232/272 galaxies/SNe (120 Ia, 152 CC: 95 II (75 II incl. 1 pec, 19 n), 57 SE (12 IIb 19 b 20 c)

Galbany et al. submitted to ApJ …in two weeks!



THE AMUSING SURVEY

• ALL-WEATHER: makes use of non-optimal weather of 
Paranal. Many observations done in bright, THN 
conditions (avg. seeing 1.1”, from 0.7” to 1.5”). 

• MUSE: very efficient instrument. 3GB per cube, 
>4800 A. Basis for driving big data spectroscopic 
astronomy. 

• Supernova: Overall aim is to use MUSE to further 
understand supernova progenitors/explosions. Study 
SN environment and all other regions within the host. 

• Integral-field: 1’x1' FoV, 0.2” pixel scale. Image-like 
resolution but with ‘spaxels’. 

• Nearby: Allows in-depth study of gas and stellar 
populations. Classical assumptions for IFU work 
break-down. 

• Galaxies: Allows cross-field collaborations. Galaxy 
studies: evolution, dynamics, stellar populations…

Aimed to be an open collaboration with regular data releases 
including all kinds of data products

(All-weather MUse Supernova Integral field of Nearby Galaxies)



Bright events occur preferentially in young stellar environments. 
Luminous SNe are produced in metal-poor neighborhoods
high-metallicity galaxies host SNe Ia with negative HR (after LC-corr)
Brighter events are found in systems with ongoing star-formation
Progenitor age primarily determines the peak luminosity
SN Ia in spiral hosts are intrinsically fainter (after LC-corr)
more massive progenitors give rise to less luminous explosions
Older hosts produce less-extincted SNe Ia
SNIa are more luminous or more numerous in metal-poor galaxies 
Luminous SNe associated with recent star-formation and young prog.
SNIa are brighter in massive hosts (metal-rich) and with low SFR (after LC-corr)
SN Ia in physically larger, more massive hosts are ∼10% brighter
introduce the stellar mass of the host in the parametrization
SNe are 0.1 mag brighter in high-metallicity hosts after corr.
older galaxies host SNe Ia that are brighter
SNe Ia in host galaxies with a higher star formation rate show brighter events
SNe that explode further are less extinguished, and have lower metallicity
correlation between SN Ia intrinsic color and host metallicity
more luminous SNe Ia appear in younger stellar progenitor systems
SNe Ia with local Hα emission are redder and drives the HR-mass relation
fainter, faster declining SNe Ia are hosted by older/massive/metal-rich galaxies
SNe Ia luminosities tend to be higher for galaxies with lower metallicities

Second order corrections: Environment

7

Hamuy et al. (1996)
Hamuy et al. (2000)
Gallagher et al. (2005)
Sullivan et al. (2006)
Gallagher et al. (2008)
Hicken et al. (2009)
Howell et al. (2009)
Neill et al. (2009)
Cooper et al. (2009)
Brandt et al. (2010)
Sullivan et al. (2010)
Kelly et al. (2010)
Lampeitl et al. (2010)
D’Andrea et al. (2011)
Gupta et al. (2011)
Konishi et al. (2011)
Galbany et al. (2012)
Childress et al. (2013)
Johansson et al. (2013)
Rigault et al. (2013)
Pan et al. (2014)
Moreno-Raya et al. (2016)
…

Look for dependences of the SN properties on the host galaxy properties (focused on global 
characteristics of the host)
As they evolve with redshift, such dependences would impact the cosmological parameters



Rigault et al. 2013

Roman et al. 2017

Moreno-Raya et al. 2016 OH

SFR

U-V

SNIa local environments

IFU ~1kpc

LS ~ 1arcsec

Phot ~3kpc



Calar Alto 3.5m Paranal 8.2m

APO 2.5m Siding Spring 3.9m

PMAS MUSE

BOSS KOALA
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IFS data available

• PISCO (+CALIFA)


• 232 galaxies (+ >500)


• AMUSING


• 305 (P95-P98)


• + P99, P100, arx


• MaNGA


• 46 SN hosts (+ >3000)


• KHALIFA (from 2018)



Current proposals

• MaNGA ancillary program


• CSP I (134):


• PMAS 18A  (20)


• AMUSING P101 (20)


• AAT - KOALA (40)


• CSP II (242): (MMP just said 116+111)


• 145 still missing
96% from blind searches

16 overlap with Koala

38 CSP I (22 only here) + 2 CSP II



CSP project on SNIa env.

• Dedicated proposals: 

• AMUSING 

• P95 (SNe Ia CSP I-II) 

• P98, P99 (SNe Ia NIR - SwSp + CSP) 

• PISCO 

• 16A, 17A, 17B (SNe Ia NIR - SwSp + CSP) 

• MaNGA 

• 17 hosts so far

169 CSP hosts, 72 from CSP I and 97 from CSP II
+100 with public photometry (upper limit)

391 environments so far (not all SN with 



Preliminary results: 26 objects in PISCO (including 7 CSP I and 4 CSP II)

Currently working on SNII environments but…

After LC cuts



(near-)Future [from now to mid 2018]

• Analyze all MUSE data (on-going) 

• Density (1/kpc), seeing, global/local… 

• Refit LCs, play with models…  

• x1/Dm15/s, c/Av 

• Hubble residuals (cosmologies) 

• Correlations


