
Luis Anchordoqui

AST-101

The H0 Tension



How do we measure the distance to a place we cannot go?



The Cosmic Distance Ladder
• In the previous lecture, we discussed some basic galaxy 

properties—composition, shape, color—based on visual 
appearance.

• But we can’t determine other basic properties—size and 
luminosity—without knowing how far away galaxies are.

• We use a chain of techniques to measures distances to 
farther and farther objects: the cosmic distance ladder.
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Step 1

Determine size of 
the solar system 
using radar.

This gives the 
length of 1 AU.
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Step 2

Determine the 
distances of stars 
out to a few hundred 
light-years using 
parallax.

dpc ≅ 1/parcsec
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Recall: brightness 
alone does not provide 
enough information to 
measure the distance 
to an object.

Unknown Distances

6



Standard Candles
• Recall, the relationship between apparent brightness 

(observed flux F) and luminosity L depends on distance d:

• A standard candle is an object whose luminosity we know 
without knowing its distance.

• If we can measure the apparent brightness of a standard 
candle of known luminosity, we get its distance:
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Fobs =
L

4πd 2
.

d = L
4πFobs

.
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Variable Stars as Standard Candles
• Since brightness fades as 

distance squared, we need 
higher-luminosity standard 
candles to go further.

• Stars on the instability strip 
of the H-R diagram pulsate 
with a period that depends 
on the star’s luminosity.

• The most luminous ones 
are known as Cepheid 
variables.
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Variable Stars

• Any star that varies significantly in brightness with time is 

called a variable star.
• Some stars vary in brightness because they cannot 

achieve proper balance between power welling up from 

the core and power radiated from the surface.

• Detail: For a given temperature, more luminous stars have larger 

radius. The dynamical time for a star to fall back under its own 

gravity goes as 1/sqrt(ρ). More massive (and thus brighter!) stars 

are less dense: temperature at the core T~M/R (virial theorem), T 
roughly constant, ρ ∝ M/R3=(M/R)/R2~1/R2, so more luminous 

Cepheids have longer pulsation periods.  (Here ρ is the density.)

• Such a star alternately expands and contracts, varying in 

brightness as it tries to find a balance.
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Cepheid variable star in M100 with period ~ one month.

16





Step 3

Because the period 
of Cepheid variable 
stars tells us their 
luminosities, we can 
use them as 
standard candles.
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Historical note: Henrietta 
Leavitt is credited with 
discovering this relation.
She did this by looking at
stars in the Small Magellanic
Cloud; all basically at the 
same distance from us.



Edwin Hubble, using 
Cepheids as 
standard candles, 
was the first to 
measure distances 
to other galaxies.
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Step 3.5

Tully-Fisher 
Relation

Spiral galaxies can 
also be used as 
standard candles 
because a spiral’s 
luminosity is related 
to its rotation speed.
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L∝ v4



Step 3.5

Faber-Jackson 
Relation

Elliptical galaxies 
have a similar 
relation based on 
their central velocity 
dispersion σ.
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L∝σ 4



Step 4

The apparent 
brightness of a 
white dwarf 
supernova tells us 
the distance to host 
galaxy (up to 10 
billion light-years).
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White-dwarf 
supernovae can be 
used as standard 
candles because 
their peak 
luminosities are very 
strongly related to 
the time their flux 
takes to decrease.
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We measure galaxy distances using a 
chain of interdependent techniques.
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AConflictattheCoreofCosmology

ThevalueoftheHubbleconstant(H.),whichmeasurestheuniverse's
expansion,isbothanessentialandacontroversialnumberforallofcosmology.
defianceofallexpectations,estimatesofH.fromthe"early"universeshortly

bigbangandfromthe"late"universeclosertothepresentdavdonotagree.
discrepancymaybetheresultoferrorsineithersetofestimates,oritcould
fundamentalgapsinourcurrentunderstandingoftheuniverse.
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Reckoningdistancestoremotegalaxiesisfarharderthanmeasuringtheir
velocitiesviaredshift.AstronomersseekingthelateuniversevalueofH,do





The distance ladder probes only the background 𝐻0

Source: Hubble Space Telescope 

Our own galaxy: 
Parallax distance

Calibrate brightness  

Nearby galaxies: 
Cepheid brightness
Calibrate distance 

Faraway galaxies: 
Supernova brightness

Calibrate distance
at 𝑧 ≃ 0.15
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Cosmic observables 

TANVI KARWAL, KAVLI INSTITUTE FOR COSMOLOGICAL PHYSICS, UNIVERSITY OF CHICAGO 4

Distance ladder 

Baryon acoustic oscillations 
Supernovae 

CMB gravitational lensing

CMB spectra 









What is the H0 Tension?

A. The assumption that the age of the Universe is bounded by 1/H0


B. A mismatch in the clustering of matter


C. A long simmering disagreement over the Universe’s present-day expansion 
rate


D. A flaw in one of the mirrors of the Hubble Space Telescope
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