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The low and high-z examples



Type Ia supernovae

What is exploding? 
CO white dwarf (WD) in a binary system 

single/double degenerate 

How is it exploding? 
Merging/compression/He layer burn/collision 

Detonation/deflagration/double-detonation 
Chandrasekhar/sub-Chandrasekhar mass 

Most probably a mixture of 
scenarios and explosion 
mechanisms



Evidence for two populations?

SNIa rates and delay time 
distribution (DTD) models are 
consistent with two populations: 
prompt/delayed.            
Continuous, though.

This is consistent with a young (~1 Gyr) 
and an old distinct SNIa populations.
Their ratio would evolve with redshift

Childress+14

Claeys+14



SNIa cosmology

SNIa are the most precise extragalactic 
distance indicators (uncert. 5%)

Two empirical correlations:  
peak brightness vs brightness decay 
peak brightness vs color

Standardized peak brightness
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Time!

Δm15 

15 days 

Kim97

Riess+96

µ(z)model = 5 log10(dL/10pc)
<latexit sha1_base64="E+vEBUp4IlojeZLXPuMMZlYxjMw=">AAACFHicbVC7SgNBFJ2Nrxhfq5Y2g0FIEOJuVLQRgjYWFhHMA7JhmZ2dJENmdpaZWSEu+Qgbf8XGQhFbCzv/xsmj0MQDFw7n3Mu99wQxo0o7zreVWVhcWl7JrubW1jc2t+ztnboSicSkhgUTshkgRRiNSE1TzUgzlgTxgJFG0L8a+Y17IhUV0Z0exKTNUTeiHYqRNpJvH3o8KTwU/dSTHHIREjaEF/AUekx0/dR1hoXQvzlyHRjjom/nnZIzBpwn7pTkwRRV3/7yQoETTiKNGVKq5TqxbqdIaooZGea8RJEY4T7qkpahEeJEtdPxU0N4YJQQdoQ0FWk4Vn9PpIgrNeCB6eRI99SsNxL/81qJ7py3UxrFiSYRnizqJAxqAUcJwZBKgjUbGIKwpOZWiHtIIqxNjjkTgjv78jypl0vucal8e5KvXE7jyII9sA8KwAVnoAKuQRXUAAaP4Bm8gjfryXqx3q2PSWvGms7sgj+wPn8A8VScNA==</latexit>

µ(z)SN = m(z)�M = (mobs + ↵x1� �c�AMW +Kx,y)�M
<latexit sha1_base64="H2uJ0mgL/ov1FDDv1edpvkDyEHo="></latexit>

+↵x1
<latexit sha1_base64="OFgzI7ZAd0nMt4h+kzRvFalyWkw=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LBZBEEqShrbeil48VrAf2Iay2W7bpZtN2N2IpfRfePGgiFf/jTf/jZu2goo+GHi8N8PMvCDmTGnb/rAyK6tr6xvZzdzW9s7uXn7/oKmiRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+q07KhWLxI2exNQP8VCwASNYG+n2rIt5PMLo3unlC3bxvFp2vTKyi7ZdcVwnJW7FK3nIMUqKAixR7+Xfu/2IJCEVmnCsVMexY+1PsdSMcDrLdRNFY0zGeEg7hgocUuVP5xfP0IlR+mgQSVNCo7n6fWKKQ6UmYWA6Q6xH6reXin95nUQPqv6UiTjRVJDFokHCkY5Q+j7qM0mJ5hNDMJHM3IrICEtMtAkpZ0L4+hT9T5pu0SkV3WuvULtYxpGFIziGU3CgAjW4gjo0gICAB3iCZ0tZj9aL9bpozVjLmUP4AevtE/vxkHo=</latexit>

��c
<latexit sha1_base64="CfaQwsNWuR5MSjaa7M1hilSJ6zg=">AAAB8XicdVBNSwMxEM3Wr1q/qh69BIvgxbKpYttb0YvHCrYV26Vk09k2NJtdkqxQlv4LLx4U8eq/8ea/MdtWUNEHA4/3ZpiZ58eCa+O6H05uaXlldS2/XtjY3NreKe7utXWUKAYtFolI3fpUg+ASWoYbAbexAhr6Ajr++DLzO/egNI/kjZnE4IV0KHnAGTVWusMnuOeDoZj1iyW37LouIQRnhFTPXUvq9VqF1DDJLIsSWqDZL773BhFLQpCGCap1l7ix8VKqDGcCpoVeoiGmbEyH0LVU0hC0l84unuIjqwxwEClb0uCZ+n0ipaHWk9C3nSE1I/3by8S/vG5igpqXchknBiSbLwoSgU2Es/fxgCtgRkwsoUxxeytmI6ooMzakgg3h61P8P2lXyuS0XLk+KzUuFnHk0QE6RMeIoCpqoCvURC3EkEQP6Ak9O9p5dF6c13lrzlnM7KMfcN4+AT4vkAA=</latexit>

dL(z) = (1 + z)
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Z z

0

dzp
⌦M (1 + z)3 + ⌦⇤(a+ z)3(1+w)
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Recent (>2010) cosmological analysis found a dependence 
between the Hubble residual* and properties of the SN host galaxy

More SNIa cosmology
Brout+19

*deviation between the distance from the best cosmological model and the SN distance

HR = µ(z)SN � µ(z)model

<latexit sha1_base64="/6zEvoyJFADCLEqKhLT3lGx1jz4="></latexit>



SNIa environment

Again, all points to two different populations, one associated 
to young and other to old populations, that evolve with z!

Sullivan+10
Rigualt+13

But mass should be just a proxy for another other parameter…



Local SNIa environment
Rigault et al. 2013

Roman et al. 2017

SFR

U-V

Rigault et al. 2018
lsSFR

Rose et al 2019
Age



(Non-cosmological) local SNIa environment

Color corrected  magnitudes
depend on local metallicity

Red SNe in metal-rich 
environments

Anderson+15

Moreno-Raya+16 Moreno-Raya+16

Bravo, Badenes+10N
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Metallicity

see also Timmes+03

Redder SNIa more 
associated to HII regions
And found more centrally 
within hosts

Metallicity



IFS SNIa local environment
In 2015, we started an effort to compile a large set of SN host 
galaxies observed with IFS to study local correlations

KMOS

Completed for optical IFS at low z (z < 0.2)

Ongoing for NIR IFS at high z (z > 0.5)
JWST
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Low-z SNIa host galaxies



IFS SNIa local environment

Ongoing analysis of all CSP I-II sample
All PISCO (PMAS) SNIa



High-z SNIa host galaxies
SNLS galaxies 0.5 < z< 1.0

3 arcsec

DES galaxies 0.5 < z< 1.0

KMOS JWST



IFS survey of SNIa host galaxies

Low z (z<0.2):  H𝛂 in the optical, galaxies 
resolved with small telescopes

High-z (>0.5): H𝛂 in the NIR



IFS survey of SNIa host galaxies

Low z (z<0.2):  H𝛂 in the optical, galaxies 
resolved with small telescopes

High-z (>0.5): H𝛂 in the NIR

int-z (0.2<z<0.5): H𝛂 in the optical 
(7800-9850A) at z~0.5. Need of large 
telescope to resolve structure of galaxies.



Resolution obtained with a fixed element over z

PMAS

MUSE
KMOS

KOALA



Resolution obtained with a fixed element over z

PMAS

MUSE
KMOS

KOALA

MAAT



Proposal: MAat Sn HOsts (MASHO?)

• 70 DES SNIa 

• 0.2 < z < 0.5 

• In fields S/X 

• Sep-Dec 
(4months) 

• 1h/obj. ➜ 70h

X   
C

E

DES SN fields

S

DES SN z 
distribution



DES hosts 0.2 < z< 0.5

z=0.2919 z=0.3125 z=0.4259

MAAT



Summary

- IFS has already proved to be a powerful 
technique for putting constraints on 
SNIa (+other transients!) environments 

- Low and high-z samples are covered by 
current instrumentation 

- MAAT is an excellent option for the int-z 
range


