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Supernovae: explosion of a star at the end of its life

® Two mechanism:
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2. Thermonuclear explosion of a compact white dwarf star:
Type la

Difference between a type | and Il: presence of Hydrogen in
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perfectly observable light curve

Supernovae la are standard candles (standardizable)
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Standardization and ACDM Model

Standardization
Supernovae la have fairly uniform light curves, which makes them

standardizable candles. SALT?2 fit the light curves in B-band with
two parameters: x; (stretch parameter) and c (color parameter).
This fit also obtains the maximum apparent magnitude in B-band ,
mpg. The distance modulus is then written:

uw=mg— Mg+ axg — fc (1)
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ACDM Model
Q=0=Qo: = +Qn=1=Q =1—Q,

Luminosity distance:
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Hubble Diagram

40

YoIngor=3.01
39- — ACDMfit
b mu_exp

1-Bc

38-
tacom = 5log (di(Q2m))+25 §
g
I 36-
N M — UANCDM
2 - %3
=D ()
X 1 g3
! i

Obtain fit parame-
ters: Mg, «, 3 and
Qm

Redshit z



Hubble Constant variations
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The Zwicky Transient Facility

® Mont Palomar Observatory
(California, United States)

e Camera (CCD): 600
million-pixels mounted on
the Samuel Oschin 48-inch
Schmidt telescope

® Exposure of 30 seconds
® 3 optical filters (g, r and i)

® Redshift range:
0.01<z<0.1

ref: Bellm et al., “The Zwicky Transient Facility:
System Overview, Performance, and First Results”



Cosmology

Cosmological Principle
The universe is a four dimensional Space-Time, spatially

homogeneous and isotropic at large scale(>100 Mpc), without any
specific point (no origin).

Einstein equation

1 3G
Ruw — EgHVR + Nguw = A T (3)
Friedmann Equations
a 81 G ANk
H?2 =(5y2 == = — 4

2ai + &% + k = —8wGPa® + N\a® (5)



Cosmology

Hubble law
vV = Hod (6)

Redshift
L Ao — Ag

As

Pogson relation

F
my —my = —2-5/0g10(Fj) (8)



® A Clustering algorithm: using a certain number of centroids in
the data space
® Algorithm:
1. Randomly select K initial center
2. Assign each data to its closest centroids

3. if the partition doesn’t change stop
4. Else: update centers and remake the process

e Distance function, usually prefered a Euclidian distance:




Elbow Method
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Light Curve
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z-distribution
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z-distribution by cluster
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Selection Criteria

Spectroscopic
With completeness magnitude that we fit with a Sigmoid function

and make a random selection

Galactic extinction
A, < 1 and in galactic coordinates we suppressed all between 7 b

and -7 b

Cosmological
Good sampling: Light curves need to have Nyoint > 7 avec

k2 > 5 in the interval [ty — 15 days; to + 30 days], for each filter g
0¢
and r 1 point before and after ty with ﬂ >5

o
Salt2 parameters: | x; |< 4 and ¢ € [-0.3;0.8]



Representations

Galactic coordinates representation of simulated SN la
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Coupled Charge Device - CCD

® Photographic sensor based on a charge transfer device

® steps:

1.

Detection of incident photons : generation of electron-hole
pairs by photoelectric effect

Charge storage: MOS (metal oxide semiconductor) capacitor
Transfer of charges to the readout circuit: transfer from near
to near

. Reading of the information: generation of a voltage at the

CCD then transfer to external electronics and digitisation



p=m— M = 5log D[Mpc] + 25
cz = HyD
m—5|ogz—|—5|og(H )+25+ M
m=f(x)=5x+b

b—5|og(H )+ 25+ M
0



More clusters

Variations of Hg

— Galactic

I

3.21446 OHy 3.34



L
c
5]
Ll
(22}
c
o
o
et
2
2
s
i

F OToU 423sN|d
[ 6ol J235N1D>
F 8.U J33sn|d>
[ £oU J23sn|d>
———=—— - g,u Ja35N|>

[ GoU 133sn|>

1
1
1
1

—

T | yp.utmsnp
i
T [ €,U 133sN|>
H

|A||n.lnl| F Zou 1235n)>

1

||A-I|.|“| F Tou 135N
1

———+— rQ,uJ33sn|d>

70.5

70.0 1

69.5 q

68.5 q

68.0

67.5 1

67.0 1

0.0 +-

N
o o

—0.14

warl —rf yo anjea uespy

Clusters



	Thank you for your attention
	Appendix
	BackUp


