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DARK ENERGY IS STILL THE BIG PROBLEM

e /[ 3 T //

We can observe acceleration

But the physical cause is still open:

cosmological constant? A
evolving dark energy? w # —1
modified gravity?
something else?

The task: measure expansion history precisely enough to test the physics.

BBC Sky at Night
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WHAT DO WE ACTUALLY MEASURE?

Distance

from supernova brightness

Redshift

from spectrum

Different dark-energy models predict slightly different
relationships between distance and redshift.

Expansion
history

A l Research School
Bglt",gpglty gfsfrggﬁ;‘g'gg & Alan Chan | XIX International Conference on Interconnections between Particle Physics and Cosmology August 31, 2026 ¥ @astro_alanc



TYPE |IA SUPERNOVAE GIVE DISTANCES

Light Curves for SN 1994D
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One half of the cosmology point.
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NASA/ESA, The Hubble Key Project Team and The High-Z Supernova Search Team
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TYPE IA SUPERNOVAE: STANDARDISABLESSANDLES

How far away did the supernova appear to be?
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DISTANCE ALONE ISN’T ENOUGH

—— Flat wow,CDM: Hg =67.19, Qp, =0.264, wg= — 0.803, wo= — 0.72
External low-z (194)
= Crossmatched DES parent (1461)
Shallow-success (389)
o SFG (330)
® Passive (59)

A.Chan + C. Lidman In Prep (2026)
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Redshift, ZHD

E] Low-z anchor median D High-z SFG shallow-success median Low-z anchor mean (194) High-z SFG shallow-success mean (328)
[:] High-z all shallow-success median ]:| High-z passive shallow-success median High-z all shallow-success mean (387) High-z passive shallow-success mean (59)

Supernova brightness + redshift = Hubble diagram
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Full T2m3wb-20220912.124224-0060 fits SN 2022tvz RA 19:55:01.660 DEC -21:05:57.37
o B b ——" e—

WHERE DO THE REDSHIFTS COME FROM?

SNe light curve — distance Host spectrum — redshift

Relative Flux

SUPERNOVA HUBBLE DIAGRAM
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Observed Wavelength (4)

A. Chan et. al. (2022)
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THE OBSERVATIONAL PROBLEM: NOT ALL
GALAXIES ARE EQUALLY COOPERATIVE

Broad/weak spectral features — harder redshift recovery at low S/N

XCor 3.971 @ z=0.03362

Passive
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THE OBSERVATIONAL PROBLEM: NOT ALL
GALAXIES ARE EQUALLY COOPERATIVE

Strong narrow spectral features — easier redshift recovery at low S/N

11.706 @ z=0.33149 .
Star-forming
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Strong narrow features

Often easier to redshift with limited exposure

LU

Weak / broad features

More likely to wash out as exposure is limited

W-\.




THE SELECTION-FUNCTION QUESTION:
ARE WE SELECTING THE COSMOLOGY SAMPLE
BEFORE DOING COSMOLOGY?

4 I
Underlying Host REElL Cosmology
success
SN population spectroscopy recovery sample
A 4

The redshift requirement acts like a reconstruction / selection efficiency.
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Full exposure = reference redshift

WHAT IF OZDES HAD STOPPED AFTER THREE
EXPOSURES?

Limited exposure = first 3 visits

Would we recover the same host-galaxy redshift?
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DES-SN5SYR
+ OzDES DR2

match hosts
remove live
transients

1,280

full exposure reference hosts

limited MARZ visual
exposure redshift
first 3 visits

strong-feature / star-forming
hosts
) 1 )

usable redshift
QOP=3

weak/broad-feature passive hosts

Success criterion: limited-exposure redshift matches full-exposure reference within |Az| <0.001

compare with
full exposure



—— Star-Forming Galaxies: Nsyccess/Nsull

MAI N RESU LT —&— Passive Galaxies: Ngyccess/Niull

Selection effect
detected

Recovered with limited exposure

35.9% 16.4%
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Star-forming Passive

Accepted redshifts are mostly correct:
389 / 410 recovered redshifts match
— 5.1% failure rate

05 06 0.7 08 0.9
Redshift, ZHD

A.Chan + C. Lidman In Prep (2026)
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DOES THIS MATTER FOR COSMOLOGY?

No significant
—— Flat wowsCDM: Hp =67.19, Oy, = 0.264, wg = — 0.803, wy= —0.72 ) .
External low-z (194) ; H u bble'res Id ual

Crossmatched DES parent (1461)
Shallow-success (389) .

SFG (330) o : difference yEt
Passive (59)
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|:] Low-z anchor median [:] High-z SFG shallow-success median % Low-z anchor mean (194) 8 High-z SFG shallow-success mean (328) 5
[[] High-z all shallow-success median  [] High-z passive shallow-success median High-z all shallow-success mean (387) High-z passive shallow-success mean (59) A .C h a n + C . |_| d m a n I n P re p (2 026)
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. OZDES>TIDES / AMOST->RUBIN-
"~ ERATRANSIENT COSMOLO

Bigger samples make spectroscopic selection functions harder to ignore.
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TAKE-HOME

1. Limited-exposure spectroscopy produces a
host-dependent redshift selection function.

2. Star-forming hosts are recovered much more
efficiently than passive hosts.

3. Future precision cosmology needs to model
that selection function.
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