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Cosmic Distance Ladder Context
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Credit: Darling [1]



Historical Context [2]
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1930s – Fritz Zwicky and Walter Baade

- Discovered novae that were very bright and very distant (high energy) 

1941 – Rudolph Minkowski

- Separated Type I (No H Lines) and Type II (Strong H Lines) 

1993 – Mark Phillips

- Phillips Relation - Correlation between peak luminosity and decay rate

1998 - Supernova Cosmology Team

- Discovery of the accelerating expansion of the universe



What is a Type Ia Supernova
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• Binary Star system containing a white dwarf

• Companion star accretes matter onto the white 
dwarf

• White dwarf gains mass from its companion until it 
hits mass limit

• Explosion produces very high consistent luminosity 

o No Hydrogen lines in spectrum (Type I)

Credit: IAA (2014) [3]



Why a White Dwarf
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• End state of low/intermediate mass stars

o Dense stellar core left after outer layers shed

o Core of Carbon and Oxygen

• Well defined maximum limit (~1.44 solar masses)

• Leads to similar explosion conditions

o Identical masses at explosion → Similar 
luminosities

Credit: ESA (2005) [5]

Credit: BBC (2022) [4]



Explosion Mechanism
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• White Dwarf supported by electron degeneracy

• Size shrinks as mass increases

• Temperature and pressure increase

• Mass approaches ~1.44 solar masses 
(Chandrasekhar Limit) 

• Eventually, carbon fusion is triggered 

o Runaway reaction and explosion is triggered

o No compact remnant is expected

Credit: NASA/ESA [6]

SN1994D in 
NGC 4526



Type Ia Supernovae Visualized
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Credit: NASA's Goddard Space Flight Center/Walt Feimer [7]



Why Just Type Ia
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• Type Ib 

o No Hydrogen but 
has Helium lines

• Type Ic 

o No Hydrogen or 
Helium Lines

• Type II

o Contains hydrogen

Types Ib, Ic, and II 
caused by core 

collapse supernovae! 

Variable mass & 
Variable Brightness

Credit: Swinburne University [8]

Credit: Swinburne University [8]



Why Standard Candle
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• Roughly uniform mass at explosion time → Same peak luminosity?

o WRONG! +/- ~1 magnitude difference in peak luminosity

• Phillips Relation – Brighter Type Ia Supernovae Fade more slowly (15 days in B)

Process Simplified:

1. Observe apparent brightness

2. Measure light curve and decline rate

3. Correct for intrinsic luminosity using Phillips Relation

4. Compare corrected luminosity to observed to get distance 

Credit: Swinburne University [9]



Range and Limitations
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Range (Riess et al, 1998) [10]

o Typically used beyond 10 Mpc

o Upper Limit: ~few thousand Mpc 
(~5 Gpc)

Accuracy  (Kim et al, 2004)  [11]

o Distances accurate to 5 – 10% 

Limitations:

o White Dwarf Composition and Age

o Extinction of the ISM 

o Reddening 

o Difficulty Separating out Types of 
Supernovae

o Photometric Calibrations



Cosmological Impact
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• Two Independent Projects in 1998 both 
studying Type Ia Supernovae

o Supernova Cosmology Project 
(Perlmutter et al, 1998) [12]

o High-Z Supernova Team                         
(Riess et al, 1998) [10]

• Plot Distance vs Redshift

o Distant Type Ia DIMMER than expected

o Expansion of the universe is 
accelerating – Dark Energy!

Credit: Hyperphysics GSU (2024) [13]



Recent Result – JWST
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Discovery of An Apparent Red, High-Velocity Type Ia 
Supernova at z = 2.9 with JWST  (Pierel et al) [14]

• Most distant type Ia discovered and 
spectroscopically confirmed

• Redshift of z~2.9 (lookback time 11.3 Gyr)

• Luminosity distance measurement in excellent 
agreement with the standard 𝚲CDM model

• Standard candle remains consistent with 𝚲CDM 
into early universe

Credit: Pierel et al (2024) [14]



Recent Result – JWST
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Credit: Pierel et al (2024) [14]
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