| Study of cosmic expansion
anisotropy with type la supernovae
from ZTF. _

Chloé Barjou-Delayre,
Under the direction of Philippe Rosnet

©
I ® r L ‘ortlc:Ies
pLasmas
= /coto m:s
UNIVERSITE <= Opplication
. Clermont A ors o Jsique de Clermont
ZTF Meeting

10 Decembre 2024 Auve rgne



Motivation:
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Hubble Diagram of a simulated survey

after standardisation:

Hubble diagram

[- Fit a, 3, My for the survey]
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Anisotropy:

[« With o, B, Myand
Qnm fixed
.* Ho and o free

Ho= 68 km.sL.Mpci? &

on anisotropies
* Anisotropic function

\_ Statistics

8 Divided skies : no hypothesis

(continous function) : best

B B L T ERIRTEEL SRR AL L R

ﬂ,. ....... _ i — Milky Way

J

The Zwicky Transient Facility Survey
~ 'jf-'~'- ,.i",.-"i" o

e ZTFSNla

Ho= 73 km.s*.Mpc* ?
Ho= 70 km.s*.Mpc*?

Chloé Barjou-Delayre

ZTF 10/12/24 4



Cluster method (adapted patch):
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Several Simulation:
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* Sensitivity of 0.22 km.s*.Mpc™* at a confidence level of 1o with
no anisotropy effect in input.
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Adding a dipole effect:

AB = B'snia - edipole

Ho= 70 km.s*Mpc™

% Dipole input: AHy = 3kms~1Mpc~1 \ I

cz'=H,'d=(H,+AH,cos(A8))d
AHOCOS(AH))
H,

Dipole

z'=(1+

2.9995 OHg 2.9995 v

[AHO: 3 km.S'll\/lpC'lj

y
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Fit a dipole for Cluster method : Free

?
Npo OH,—SH' (6,0, ,AH )
XZZZ,.:l ( 0 . di 0,

SH!

Ip?

)2

Dipole Cluster

% Dipole input: 6Hy = 3kms~1Mpc-!

¥ Fitted Dipole: 6Hy = 3.0kms~1Mpc?!

SH"'=A H,cos(6,—0,

i ip )

Dipole effect on Cluster method

* Patchs
Galactic

-3 OHp 3

3 OHp 3
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Fit a dipole for Continous function : Free

u,=5log (d,(Mpc))+25

l

dl:C(l'I'Z) J‘Zi dZ'

Hy “7°y((1+z)3-1)Q +1

i

HOZI-_I0+'AHOCOS<(9,-—HCHP)
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Cluster fit dipole:

3.3 A

Cluster method
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Fitted 6Ho
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* No Systematic
bias
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Continous function fit dipole:

Continous functions method
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Dipole Continous function

% Dipole input: 6Hy = 3kms~tMpc~1

% Fitted Dipole: 6Hy = 3.1kms~1Mpc~1

* Closer to the truth
values.

|

3 6Ho 3
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For 12 Cluster

Cluster fit dipole:

Input dipole

Dipole Cluster

+ Dipole input: AHp = 3kms~1Mpc~1

I
-0.7 {AHOOL.'[‘,OUf - ﬂHOr’nput) 0.18
 ee— aasm - - - )
-2.9995 AHU 2.9995 ® DIﬁICUIty to flt the Iocatlon Of the Input

dipole close to the south celestial pole.
* Difficulty to fit the amplitude of the input
L dipole near to the right of the milky way.
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ContinOUS funCtiOI‘l fit dipOIe: Continous Function

Error aera of Ra & Dec
Input dipole

Dipole Continous function

Dipole input: 6Hy = 3kms~1Mpc~!

Fitted Dipole: 6Hy = 3.1kms~1Mpc?!

0.7 (MOOUmut - Mofnput) 0.18

* \Works better, no biais.

3 6Hy 3
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Volume limites (z<0.06) :

Cluster method Cluster method
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* Sensitivity of 0.32 km.s*.Mpc? at a confidence level of 1o for
the V_Ilim for the Cluster method with no anisotropy effect in
input.

Chloé Barjou-Delayre ZTF 07/11/24

14



V_Ilim fit dipole (z<0.06):

V_lim for Cluster

Error aera of Ra & Dec
Input dipole

Cluster

Error aera of Ra & Dec
Input dipole

-0.720549 AHooutput — AHoinput 0.177264

-0.720549 AHooutput — AHoinput 0.177264 ( \

* Less bhiased with the
volume limited with the
cluster methods
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V_Ilim fit dipole (z<0.06):

V_lim (z<0.06) for the Continous Function

Error aera of Ra & Dec
Input dipole

Continous Function

Error aera of Ra & Dec
Input dipole

0.7 (AHooutput — AHoinput) 0.18

Largest ellipse for the
continus function.
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Conclusion:

/Summary : \
- Sensitivity of 0.22 km.s*.Mpc* at a

confidence level of 1o for Cluster
method with no anisotropy effect in
input.

* Closer to the truth value with the
continous function.
Difficulty to fit the location dipole
close to the south celestial pole
and the amplitude near to the milky
way.

- Sensitivity of 0.32 km.s*.Mpc™* with

ﬂ:’erspective ;

- Anisotropy fit with MCMC.

/

WORK IN
PROGRESS
WORK IN
PROGRESS

TO00

- Test the impact of different
Dustmaps.

ol

More complexe anisotropy
effects.

ar
ol

- Adding large scale structure
in the simulations.

k the Volume limite and less biasy

-
o
O
o

T
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Backup- Impact Dustmaps :

Diff Map CCM89-F99

mean ((‘5HOCCM_ 5H0F99)patchi)205imus

OHp(CCM89) — 6Hp(F99)

& : —— Galactic

I
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.

-0.626413 0.796749

Chloé Barjou-Delayre ZTF 10/12/24 backup



Backup- Impact Dustmaps :

Diff Map CCM89-0D94

6Ho(CCM89) — 6Ho(0D94)

—— Galactic

[
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I 0 000]
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Backup- Comparaison nhombre de patchs :
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For 6 Cluster For 12 Cluster

Error aera of Ra & Dec Error aera of Ra & Dec
Input dipole 3 Input dipole

For 18 Cluster
Error aera of Ra & Dec
Error aera of Ra & Dec ; = Input dipole

Input dipole

{ﬂHOOUﬁout - AHOJ'nput)

{AHOOumut - A"l'oinpull“)



Backup : Healpy method (fixed i
patch): 5
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Backup- Fit dipole for Healpy
method:

Dipole Healpy

# Dipole input: AHp = 3kms~1Mpc~!

¥ Fitted Dipole: AHy =2.43kms~1Mpc—!

Dipole effect with Healpy method and AHy = 3km. s~ 1. Mpc—1

34

-2 4

I

-2.47147 OHp 3.04717
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Several Simulation:
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* Sensitivity of 0.22 km.s*.Mpc™* at a confidence level of 1o with
for cluster method and no anisotropy effect in input.
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Healpy fit dipole:

Healpy method

Fitted 6Ho
! N g
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N L L
e
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— e
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Backup-Symetrie :
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Backup-Dipole Healpy :

Dipole Healpy Healpy

Error aera of Ra & Dec
Input dipole

% Dipole input: AHy = 3kms~IMpc 1

-1.84326 (AH goutpur — AHoinput) 0.82659

-2.9995 AHp 2.9995
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Backup -Sensitivity for continous function :

) ] Sensitivity for Continous function
Continous function
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* Sensitivity of 0.23 km.s*.Mpc™* at a confidence level of 1o with
no anisotropy effect in input with continous function.
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V_Ilim fit dipole:

V_lim for Cluster

Error aera of Ra & Dec
Input dipole

Cluster

Error aera of Ra & Dec
Input dipole

-0.720549 AHooutput — AHoinput 0.177264

-0.720549 AHooutput — AHoinput 0.177264

* Less bhiased with the
volume limited
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Backup- Selection cut:

r

.

BTS cut:
* Mpeak <19

\

J

Quality cut :
* Mwebv <1
* -3<x1<3

* -0.2<c<0.8

0x1<1 & Gc<0 1

Fitproba>1le-7

~

J
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