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SNe	
  Ia	
  calibra>on	
  on	
  local	
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  host	
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Figure 1. 56Ni yield vs. initial metallicity for different initial masses and
explosion parameters. Black triangles: stratified models with ρc = 3 ×
109 g cm−3 and ρDDT = 3 × 107 g cm−3. Red (filled) circles: models exploded
with the same parameters but accounting for the simmering phase. Blue (empty)
circles: the same as red circles except that ρDDT is a function of the local (at
flame position) Z through X(12C) and η (Equation (1)). Blue crosses and blue
stars: the same as blue circles except that ρc = 2 × 109 g cm−3 (crosses) or
ρc = 4 × 109 g cm−3 (stars). Blue squares: the same as blue circles except
that the envelope is composed by equal amounts of carbon and oxygen, i.e.,
C/O = 1 as compared to values ranging from C/O = 1.5 to 2.3 as taken
from the He-shell burning during the TP phase. The lines represent the linear
relationship between M(56Ni) and Z proposed in TBT03 (dotted line), and our
Equation (3) (dashed line).
(A color version of this figure is available in the online journal.)

on Z. For the stratified models, we obtain the same range of
variation of M(56Ni) with respect to M0 at given Z as DHS01:
0.06 M#, although the 56Ni yields do not match with DHS01
because they used different values of ρc = 2 × 109 g cm−3

and ρDDT = 2.3 × 107 g cm−3. The models accounting for
the simmering phase behave like the stratified models with
respect to variations in M0 and Z, although with a smaller total
M(56Ni) due to electron captures during the simmering phase.
The dependence of M(56Ni) on Z can be approximated by a
linear function:

M(56Ni) ∝ f (Z) = 1 − 0.075
Z

Z#
, (2)

while stratified models can be approximated by M(56Ni) ∝
1 − 0.069Z/Z#, i.e., the slope of the linear function is quite
insensitive to the carbon simmering phase.

To explore the nonlinear scenario we have computed models
accounting for the simmering phase with fixed M0 = 5 M#.
Introducing a composition dependent ρDDT produces a qualita-
tively different result because the relationship between M(56Ni)
and Z is no longer linear, especially at low metallicities for which
a larger ρDDT is obtained, implying a much larger M(56Ni). Our
results can be fit by a polynomial law:

M(56Ni) ∝ f (Z) = 1 − 0.18
Z

Z#

(
1 − 0.10

Z

Z#

)
. (3)
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Figure 2. Fraction of Fe-group elements (from Ti to Zn) synthesized in layers
experiencing incomplete Si-burning (Tmax ! 5.2 × 109 K) as a function of the
total mass of Fe-group elements ejected. The filled square is a reference model
with ρDDT = 3 × 107 g cm−3, Z = 10−5, and M0 = 5 M#. The empty squares
belong to models with varying ρDDT, from 2.6 × 107 to 107 g cm−3. All the
above models are linked by a solid line to help in guiding the eye. The rest of
the models show the sensitivity to different model parameters with respect to
the reference model, as follows: crosses, varying Z; empty circles, varying M0;
stars, varying ρc.

Both the central density at the onset of thermal runaway and
the final C/O ratio in the accreted layers have a minor effect on
M(56Ni) within the explored range.

TBT03 proposed a linear relationship between M(56Ni) and
Z: M(56Ni) ∝ 1 − 0.057Z/Z# (dotted line in Figure 1). In
all of our present models we find a steeper slope. The rea-
son for this discrepancy lies in the assumption by TBT03 that
most of the 56Ni is synthesized in NSE. In our models a size-
able fraction of 56Ni is always synthesized during incomplete
Si-burning, whose final composition has a stronger dependence
on Z than NSE matter. As Hix & Thielemann (1996) showed,
the mean neutronization of Fe-peak isotopes during incomplete
Si-burning is much larger than the global neutronization of
matter because neutron-rich isotopes within the Si-group are
quickly photodissociated, providing free neutrons that are effi-
ciently captured by nuclei in the Fe-peak group, favoring their
neutron-rich isotopes. Figure 2 shows that up to ∼60% of M

η0
Fe

can be made out of NSE, the actual fraction depending essen-
tially on the total mass of Fe-group elements ejected. Thus, the
less M(56Ni) is synthesized, the larger fraction of it is built dur-
ing incomplete Si-burning and the stronger is its dependence
on Z.

3. DISCUSSION

The results presented in the previous section show that the
metallicity is not the primary parameter that allows reproduction
of the whole observational scatter of M(56Ni), for a reasonable
range of Z. We have also shown that a possible dependence of
the primary parameter on Z would lead to a nonlinear relation-
ship between M(56Ni) and Z, as in Equation (3). However, as
we will show in the following, it would be possible to unravel
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  only	
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  right	
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  enough	
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  be	
  high	
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Both	
  panels	
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  consider	
  a	
  z	
  
dependence.	
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  best	
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without	
  correc>on.	
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SDSS-­‐II	
  SUPERNOVA	
  SURVEY	
   2.5m	
   telescope	
   located	
   at	
   Apache	
  
Point	
  Observatoy	
  (APO)	
  in	
  Sunspot,	
  
New	
  Mexico.	
  

Data	
  between	
  2005	
  and	
  2007.	
  
	
  
z	
  ~	
  0.05	
  –	
  0.45	
  

330	
  has	
  been	
  	
  selected	
  to	
  calculate	
  oxygen	
  abundances	
  

~1300	
  SN	
  Ia	
  (>500	
  spectroscopilally	
  
confirmed	
  and	
  >700	
  photometrically	
  
determined	
  with	
  host	
  galaxy	
  zspec)	
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  host	
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¤Consistent	
  abundances	
  with	
  empirical	
  methods	
  without	
  having	
  auroral	
  lines	
  .	
  
	
  
¤Spectra	
  revised	
  carefully	
  one	
  by	
  one.	
  
	
  
¤AGNs	
  and	
  LINERs	
  are	
  out	
  of	
  our	
  final	
  selec>on	
  using	
  diagnos>c	
  diagrams.	
  
	
  
¤Obtained	
  abundances	
  within	
  solar	
  order.	
  Possible	
  selec>on	
  effect.	
  Observa>onal	
  bias.	
  
	
  
¤Oxygen	
  abundances	
  from	
  host	
  galaxies	
  and	
  simula>ons	
  to	
  claculate	
  the	
  dependence	
  on	
  the	
  
metallicity	
  for	
  LC.	
  
	
  
¤Considering	
  this	
  dependence	
  on	
  metallicity,	
  the	
  cosmological	
  models	
  would	
  have	
  lower	
  values	
  
of	
  ΩΛ	
  than	
  those	
  derived	
  when	
  the	
  metallicity	
  is	
  neglected.	
  
	
  
¤The	
  effect	
  of	
  the	
  metallicity	
  could	
  be	
  more	
  important	
  for	
  z	
  >	
  0.4,	
  due	
  to	
  the	
  chemical	
  
enrichment	
  of	
  the	
  universe	
  and	
  to	
  larger	
  differences	
  between	
  cosmological	
  models.	
  
	
  
¤Is	
  essen>al	
  to	
  take	
  into	
  account	
  the	
  dependence	
  on	
  metallicity	
  in	
  the	
  Sne	
  Ia	
  absolute	
  
magnitude	
  calcula>ons.	
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Complete	
  the	
  sample	
  by	
  adding	
  galaxies	
  

Local	
  Universe	
  using	
  4.2m	
  WHT	
  at	
  
Roque	
  de	
  los	
  Muchachos,	
  La	
  palma	
  

High	
  redshi[	
  objetcs	
  z	
  =	
  0.4	
  –	
  
1.5…??	
  Using	
  GTC	
  at	
  Roque	
  de	
  los	
  
Muchachos,	
  La	
  Palma	
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