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Supernovae

* A supernova (Zwicky 1931) is a stellar explosion that briefly
outshines an entire galaxy (10°-10" L®).

They play an important role in:
— Cosmology
— Stellar evolution

— Chemical enrichment of the
interstellar medium

— Trigger of star formation

SN 1987A in LMC




Supernovae

. . Cappellaro &
* Spectral classification based Turatto 2001

on presence of Hydrogen Supernova taxonomy

lines:
— Hlines: Ii s H

— No H lines: la, Ib, Ic
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Core collapse

Anderson et al. 14




Supernovae (la)

* White dwarf (WD) of carbon/oxygen C/O in a binary system that
undergoes thermonuclear burning (Hoyle & Fowler 1960)

Single degenerate scenario : Double degenerate scenario :

WD exceeds 1.44 M® — electron Two WD lose energy due to
degenerancy does not support weigth gravitational waves and collide

NASA/CXC/M Weiss




SNe cosmology
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SNe cosmology
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SNe are not perfect
standard candles and
need to be corrected
using relations

— Phillips et al. 93,
Brighter SNe decline
more slowly




SNe cosmology
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need to be corrected
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— Phillips et al. 93, c(142) [* g’
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Stretch

m__=m.+ o X

corr

Fainter SNe la —
Smaller stretch factor,
i.e., narrow LC
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Colour
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Mass step

m. =Myt oX—[ C—; Mb

corr
Nuissance parameters

SNe la in high mass
galaxy — Brighter
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Supernova
Cosmology

740 SNe la (Betoule et al. 2014)
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Supernova
Cosmology

*SNe la + Others probes — Better constraints!!!!
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Problems

o If reddening is only due to dust, then 8 = RB = RV + 1 (optical total-to-selective extinction)
* Same [ for all the host galaxies

- NGos E(B-V) <0.7
- NGo8 E(B-V) <0.25
W09 normal velocity
. W09 high velocity
L10 star forming
- L10low SF
510 star forming
- 10 low SF

F10 Avg. w/o 06X & 05A ———e———
- F10 SN 2006X

- F10 SN 2005A

- E06 SN 2003cg

- E08 SN 2002cv

- K07 SN 2001el

. K06 SN 1999¢
i A I L J

Milky way average

3.5 4.0

Howell 2011




Problems

o If reddening is only due to dust, then 8 = RB = Rv + 1 (optical total-to-selective extinction)
* Same [ for all the host galaxies

Using individual SNe la or sample, Rv values measured are unsually low

— Smaller dust grains in SN la host-galaxies....

— Intrinsic dust....

. K06 SN 1999¢
i i A I’ A I L J
4.0

Howell 2011




Problems

Split into high and low
host-mass

-> a distinct difference
of the color
dependence in the
biases of Hubble
residuals

— Small Rv high
stellar mass
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— Host galaxy 7
stellar mass e 3520, l0g (M, /Mgy,) < 10, Ry = 2.5, op, = 2.2
e 3520, l0g (M, /Myy,) > 10, Ry = 1.5, op, = 0.8

)
. )
correlation due to 1§ Date, log(h, /M) < 10
)

(
dust. b Data, log(M,/Muy) > 10
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SALT2 ¢

Brout & Scolnic 2020




Problems

BUT correlation is
also seen in NIR.

-> some of the
correlation may be
due to dust but not all
of the correlation.
(Ponder et al. 2020,
Uddin et al. 2020)
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Project

Implications of varying Rv in cosmology
(w, Q)




Project

Implications of varying Rv in cosmology

(w, Q )

Assign a different 3 to each SN of Effect of using a 3 step with

the sample of 740 SNe la

different observables such as
color, stretch, Mstellar, mag and
redshift
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Project: Part 1 (Montepython)

Add Planck to
improve contraints
— Montepython
(~COSMOMCQC)

— Model with

ABIC<5
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roject: Part 1 (Montepython)
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Comparison Betoule+14

dchains, 10 000 steps JLA + Planck 2018 without covar from Betoule et. 2014,

—2In(£) =Y [m@™ — (Mb + 8y — aX + BC) — Slogio(dy (2, . Q1)) — 25]°
- SN o2, + (aox)? + (foc)? + 0.1052 ’

Param  best-fit mean +or 95% lower  95% upper

~1.041 4.{13?%3% ~1.127 ~0.9460
0.1356  0.1359*" 0.1183 0.1535

W
¥
B 3.031
M

JE6
3.(]]9’:%‘?;; 2.821 3.221
-19.11 _]g'lt“:ﬁiﬁ -19.16 —19.04
Aoy ~0.0479  -0.05348 VUL —0.08449 -0.02221

=( 116
L 0.3064 ﬂ.E{]E?fg%E 0.2761 0.3298

JLA + Planck 2014 published by Betoule et. 2014:

Param mean+or

w -1.018 + 0.057

[ 0.141 + 0.006

B 3.100 £ 0.075

M -19.11 + 0.04

=0.070 + 0.023

0.307 £ 0.017




Project: Part 2 (3 steps)

Fit the cosmology using
1,2,3, or 48 and different
observables such as color,
stretch, Mstellar, mag and
redshift.

— e.g. Mstellar

R-1=Gelman-
Rubin convergence test
Should be <0.05

mstellar




Project: Part 2 (3 steps)

0.01
a=0.1331

Fit the cosmology using
1,2,3, or 43 and different M
observables such as color, 1 L ——
stretch, Mstellar, mag and i
redshift.
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— e.g. Mstellar

M = —19.047003

R-1=Gelman-
Rubin convergence test
Should be <0.05
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Project: Part 2 (3 steps)

0.01
o = 0.13+5:01

Fit the cosmology using

1,2,3, or 48 and different
observables such as color,
stretch, Mstellar, mag and

1 =3.27+01%

|

P
P

D | e =i

Similar to Brout & Scolnic 2020, Smaller Rv for higher stellar mass

— BUT R-1 are large so not sure if MCMC converge well (be suspicous!!!)
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Conclusions

* Part 1: Using different 3 for each SN la, no

statistical difference is seen on the cosmological
parameters

* Part 2: SNe la in low stellar mass host galaxy have

higher Rv. Need to check our MCMC simulation for
3,4 beta.
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