
SNe Ia: LC diagnostics Methods
Redshift evolution (Link to progenitor and system)
Interstellar reddening (separate intrinsic variation before RC).
Why do SN Ia look like M(Ch) but only in spherical models ?
Towards a fix of a deadly flaw. 
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1) Secondary LC Parameter  

2) Spectroscopic tests 

3) Bolometric light curves 

4) New physical effects and tests 
   using V and H light curves 
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 Example of a DD model (reminder)
 [ M(MS)= 3 Mo; Z = 1.E-3 solar; rho(c)= 2E9 g/ccm with rho(tr)=8, 16, 25 g/ccm] 

56Ni (deflagration phase) / 56Ni (total)  ≃  10 … 12



    Comparison with Observations
The brightness decline relation and colors (Hoeflich et al. 1996, 2002)

- Generic: Brightness decline relation is an opacity effect (Hoeflich etal 96,Mazzali et al. 2001,Kasen et al. 2009)  

- Small spread requires similar explosion energies  (0.5mag for all scenarios H. et al. 96)

-  Within DD models, relation can be understood as change of burning before DDT
-  Progenitors (Z=0 ... solar) can produce systematics of about 0.3 mag.
  Attention: Color change of about 0.2 mag -> reddening !!! 
  



Progenitor Signatures in Differentials of SNIa pairs 

C/O profile of the WD (explosion energy)
depends on MS mass
and metallicity of progenitor
(from Nomoto, Hetal01)

 Accretion Rate =>
Central density at explosion 
changes electron capture 
(inner 56Ni contribution)
(H. et al 2006)

Differential change light-curves after Stretch (Hoeflich et al. 2010)                                                          

                                                                     Observations (Fogliatti et al. 2010)

                   Theory (predicted, H.etal 98)

  rho
c :1&6E9g/cm3

ρ(central)=
2E9 vs. 6E9

M(MS)=
5 vs 7 Mo



Progenitor Signatures in Differentials of SNIa pairs 

C/O profile of the WD
depends on MS mass
and metallicity of WD
(from Nomoto, Hetal01)

 Accretion Rate =>
Central density at explosion 
changes electron capture
(Hetal06) and 56Ni distribution

Differential change light-curves after Stretch (Hoeflich et al. 2010)                                                          

                                                                     Observations (Fogliatti et al. 2010)

                   Theory (predicted, H.etal 98)

  rho
c :1&6E9g/cm3

ρ(central)=
2E9 vs. 6E9

M(MS)=
5 vs 7 Mo



Examples from the CSP survey:
SN05al vs. 05am        SN05ef vs. 05na

SN05el vs. 05ef                                      SN05al vs. 05ef 

a) accretion dominated                                          b) progenitor dominated

c) very similar or method does not work                            d) different progenitors and accretion 



Fits of Actual SN-Pairs & Distribution for CSP  



 Next Break: MIR from the Ground for SN2014J   
    (Telesco et al. 2014)



SN2014J compared to a DD models with 0.6 Mo (without tuning)

Results: 
- forbidden [Co III] rises as predicted

-> high mass, M(Ch), is needed to avoid collisional 
  de-excitation.
-> redistribution of energy starting after about 
    2 months

-> late Ni lines are (probably) there.

- [CoII] to abundant at high velocities (additional 
  ionization source would help)
- We see Argon

- possibly Cr at 9.4 mu -> very high density

- No narrow 56Co component.



PROBING THE DIVERSITY: Why we need MIR? 
SN 2014J and SN2005df have the same M(V), dm15, [Co III] 
but differ  in the Ar distribution and, definitely, no Chromium.
 Is it due to the central density ?                                                    

 Others:

- Direct measure
  of  photon redistribution

- [Co III] @ 11.8 mu as
  new standard candle ?

- magnetic fields

- mixing ...



BOLOMETRIC Light Curves  



Implications of High Magnetic Fields 

Smoldering phase 
(Prior to Thermonuclear Runaway).

Late time Ni lines in the MIR
(SN2005df with SST, Gerardy et al. 2007)

from Hoeflich, Collins, Diamond, Hengeler, Histrov, Penney (2014)



Implications of High Magnetic Fieylds (ENZO)
B. Hiskrov & D. Collins (FSU collaborators) 

from Hoeflich, Collins, Diamond, Hengeler, Histrov, Penney (2014)



Probing B-fields by Positron Transport Effects:
(from Penney & Hoeflich 2014, Hengeler 2014, Milne 1998 to Lamour 1896) 



Classical Test: Supernovae Light Curves at Late Times

Can we test the magnetic fields by optical light curves ? 

(from Penney & Hoeflich, Hengeler et al. 2014)

(e.g. by Colgate et al. 1978, ... to Milne et al. 2001) 

Result:
- Late-time LCs  change up to a factor of 5 
  starting about 1-2 years after the explosion
  depending on the size and mophology of B.  

Some Problemd:

- one observable but intrinsic and apparent diversity
 (e.g. H etal 93, H91)

Real Problem:
- H band brakes the degeneracy
- Knie measures the origin
    



   X(56Ni)= f(v)            Theoretical Profiles      SN05df vs. Model           Half width=f(t)
     for rho(c)                       with Doppler-shift               at day 200                      for B=0 ,1E4 & 1E9G

The [Fe II] line at 1.644 mu as “Swiss-Armee Knife” @ SN 2005df
  

    Rho(c) = log(1-M(WD)-M(Ch) Results for SN 2005df

- M(Ch) explosion likely 

- B>1E6 G best but B=0 possible  (time series is needed)

- low density (almost too  low for H accreter 
  -> He or C (SD or DD progenitor system)



SN 2014J: A normal, unusual SNe Ia (or a twin of SN2005df)?

Same brightness as SN2005df, same decline, 0.6 Mo of 56 Ni 
(Diehl et al. Isern et al., Marion et al. 2014) but ...
0.06 Mo of 56Ni and narrow, non-shifted (Diehl et al. 2014ab) 
or blue-shifted by 18000 km/sec and broad (Isern et al. 2014) ?



Summary & Future
 
- Double-degenerate progenitor evolution does not (!) imply
 M(Ch) vs. dynamical mergers !!!

- Diversity shows up in Light Curves (LSST, JWST, GMT, ELT) 

 (suitable for Cosmology, possible accuracy up to 0.02 m, pencil beams)

 - Diversity from physical models is large  
    NIR and MIR spectra are absolutely needed (+ polarization)

   a) To probe diversity 
    b) Magnetic Fields as new physics

- No first principle models !!! 

                                     Thanks 



IR-Analysis of SN1999by (as followed from explosion without tuning)
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