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Type Ia SNe allow us to measure distance

e Type la Supernovae are exploding white dwarfs
e They explode at consistent mass-> have fairly consistent luminosity

2015-02-22

Lee Sang Gak Telescope,
Siding Qpring Observatory
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e SNe la are standardizable candles

e Measure their apparent brightness
— infer luminosity distance

e Combine with redshift to trace the
expansion history of the universe
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Type Ia SNe and the Hubble Diagram \\

e Fitlight curves to extract
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Type Ia SNe and the Hubble Diagram
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e Fitlight curves to extract
the distance modulus

p = 5log(dr /10pc)

e SNe are standardized
using the Tripp relation

w=mpg—+ axry — Pc— Mp

=—m-—-M
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e Fitlight curves to extract
the distance modulus

p = 5log(dr /10pc)

e SNe are standardized
using the Tripp relation
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e Hubble diagram
residuals are given by
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DESI+SN Have Hinted at Evolving Dark
Energy

e The Dark Energy Spectroscopic
Instrument (DESI) combined their -1
Baryon Acoustic Oscillation §
results with SNe Surveys
e Interesting potential signal away o
from cosmological constant at i
. . : Il DESI BAO + CMB + PantheonPlus
2-4.5sigma, depending on samples i DESI BAO + CMB -+ Union3
added together B DESI BAO + CMB + DESY5
T 0.8 —0.6 —0.4

DESI Collaboration et al. 2024 Wy
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Pantheon+ Combines Multiple Surveys

e Pantheon+ Compilation
o One of the largest SN Ia cosmology samples to date (1700+ SNe Ia)
o Combines data from 18 different surveys across multiple telescopes

400 -
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Redshift Scolnic et al. 2022
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DES5YR Uses the Same Low-z Anchor

e Dark Energy Survey (DES) 5YR
o 1500+ SNe Ia focusedonz~0.1-1.13

Pantheon+ compilation
(combines 17 SN surveys)
2001 r==1 DES subset in DES-SN3YR |

[ Low-z subset in DES-SN5YR
I DES subset in DES-SN5YR

of SNe

102 107! 10°
Redshift DES Collaboration et al. 2024
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DES5YR Uses the Same Low-z Anchor

e Dark Energy Survey (DES) 5YR
o 1500+ SNe Iafocusedonz~0.1-1.13
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Challenge 1: Peculiar Velocities
Dominate Scatter at Low Redshift

e Even after standardization, SNe Ia

distances show scatter |
. . 384 =™ Hmodel(Zobs) g 6T X
o Intrinsic scatter: J— pesT 400
astrophysical differences 36+ 95"
not captured by light curve o <R -
r (%2}
models 834 “” Al l, €
g o = @ ot X
e Atlow redshift (z<0.1), peculiar ,e"' ,/ e
. ) 321 <o - L2000 =
velocities are a dominant source LA —
® g —®
of scatter 301 ,L, = - 400
. ey . ) L
o Peculiar velocities: motions 54 .
not due to the expansion of 0.02 0.04 0.06 i ks
Zobs Carreres et al. 2023

the universe
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Challenge 2: Cross-Calibration is Hard

Brout et al. 2022

Cross-survey calibration is a
dominant source of uncertainty:

o Different filter systems,
zeropoints, and throughput
responses

Complicated

Efforts to calibrate across
surveys still report a max 0.013
uncertainty in w

O O
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We Address These Issues With A
Targeted Low-z SN Program

e Dark Energy Bedrock All-Sky
Supernovae (DEBASS) Survey

o All sky follow-up survey that
beganin 2021

o Goal: Collect alow-z SNela
sample to combine with the
DES5YR sample to perform
constraints on dark energy, the
Hubble constant, and fo8

DEBass
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DEBASS
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DEBASS: Blanco Telescope (DECam)

9
L

Location

Cerro Tololo
Inter-American
Observatory,
Chile

RO

F'e.ld i Seeing Filters
View
3 square Average of 1 ugrizyY
degrees (2.2° arcsec
wide)

\S
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DEBASS: Blanco Telescope (DECam)
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DEBASS Builds a Low-z Sample

Follow-up SNe across
the sky

DEBASS DR1

e We select SNe within the
Hubble flow (0.015 < z< 0.1)

e Priorityis givento
spectroscopically confirmed
transients that will be
observable by DECam for at
least 45 days

e Intotal we have observed
over 400 SNela

Sherman, Acevedo, et al. (in prep)
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Spectroscopic Confirmation (mostly) &
comes from WiFeS

e Wide Field Spectrograph
(WiFeS)

e Mounted on 2.3-meter ATT
at Siding Spring
Observatory in Australia

o Same telescope used
by OzDES
e Spectroscopic

confirmation of Type Ia

22



\_
DEBASS Uses the DESSN Pipeline &

Difference

Sherman, Acevedo, et al. (in prep) 23



DEBASS Uses the DESSN Pipeline

2022qsn; SNID 1366646

= Q

N

Magnitude

N N N [
N - o o
L L 1 I

N
w
1

50800 59820 59840 59860 59880
observation day (in MJD)

5000 -

4000

3000

Flux

2000 -

1000 -

0 4

50750 50775 59800 59825 59850 50875 59900 59925 59950
observation day (in MJD)

Sherman, Acevedo, et al. (in prep)



DEBASS: Internal Calibration

When available, we use DELVE
DR2 as our reference catalog
DECam-based survey

o Uses DES images and
calibration within the DES
footprint

We found the residuals in the

nightly magnitude of stars
calculated in our pipeline
compared to the DES5YR catalog
to be ~0.001 mag

Acevedo et al. (in prep)
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DEBASS >50 High-Quality Light Curves

e Initial release of the SNe
within the DES footprint
o Why? Greater

template coverage
e >50fitted SNe

Sherman, Acevedo, et al. (in prep)
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Simulations Quantify Survey Limits
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Forecast the constraining
power of the final sample
Provide a baseline to
compare against real data
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DEBASS: Initial Sample

Sherman, Acevedo, et al. (in prep)
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An SN Survey on One Telescope is Not a

Novel Idea

e Foundationis alow-z SNela
Survey on the the Pan-STARRS1
telescope (Foley et al. 2018)

e Combined with the Pan-STARRS
Medium Deep Survey and
measured cosmological
parameters with 1,338 SNe (Jones
et al. 2019)

Hubble
scatter of
0.138 mag!

Residual (mag)

Distance Modulus (mag)

Redshift

>
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Looking Ahead
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NS
Over 2000 SNe Ia Combined Sample
From A Single Telescope

Q,,£0.0097

Statistical uncertainty
forecast for DEBASS +

DES5YR + Plank2020
e A conservative estimate of the

DEBASS Sample is at least 400 SNe JJJ’LH—LK w,+0.080
e Combined with the 1635 SNe from
DS5YR o
S5 X
w_+0.43
©
2 ﬂ \ A
QM W0 Wa
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NS
Over 2000 Combined SNe Ia Sample
From A Single Telescope

Q,,£0.0097

Statistical uncertainty
forecast for DEBASS +

DES5YR + Plank2020
e A conservative estimate of the

. w_+0.080
DEBASS Sample is at least 400 SNe e

e Combined with the 1635 SNe from
DS5YR )
S5 s
WaiO.43

Qm Wo Wa

Foundation SN + Plank2016

(Jones et al. 2018) 0.314+0.025 —0.810 +0.144 —0.791 4 0.785 ©
DES5YR + Plank2020 ;
(DES Gollaboration 2024) 0.32512-215 —0.73+0.11 —1.1710- 2
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DEBASS will be among the first fo8
constraints with SNela data

f08°c Hubble Scatter

At low redshift, galaxy motions
deviate from pure Hubble flow due
to gravitational attraction from
large-scale structure.

The amplitude of this scatter
depends on the growth rate of
structure fo,

By modeling the velocity field and
measuring SN residual
correlations, we can infer f08
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We also want to refine our peculiar
velocities

Quintana+ - _ ", ° T LT TR LS

_38 -

e Targeting SNe in clusters gives us , i £ a5E _
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Acevedo et al. (in prep)
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There are interesting signals on Hubble
diagram near superclusters
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e Simulations built from using a FoF algorithm on the Uchuu galaxy catalog
Acevedo et al. (in prep) 35
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Conclusion

e SNe la are powerful cosmological tools for measuring the expansion history, but
current constraints are limited by the low-z anchor sample

e Existing low-z samples are built from many surveys across multiple telescopes,
introducing complex calibration systematics

e DEBASS is building a homogeneous low-z SN sample on the DECam system, with
consistent calibration and processing, to address this

e WHALES complements DEBASS by probing peculiar velocities in the Shapley
supercluster region
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Thanks

Do you have any questions?
maria.acevedo@duke.edu



https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr
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WHALES: Pipeline K

Search
Images

Differenced
Images

\ 4

Coadded
Template
Images

Forced photometry is
performed on:
1. Unique objects found
by our pipeline
2. Targets from TNS
We also get spectroscopic
confirmation when possible

Acevedo et al. (in prep)

38



NS
WHALES: Initial Sample

All probable

29 transients we
11/18 observed were
( ) reported on TNS by

other surveys

Acevedo et al. (in prep)
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WHALES: Initial Sample

29
(11/18)

14
(4/10)

Acevedo et al. (in prep)

\S

10/14 we pulled the
trigger on
spectroscopic
confirmation!
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WHALES: Initial Sample
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Acevedo et al. (in prep)
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