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Hubble’ s Law

● Edwin  Hu bble, 19 29

● Cosm ic Exp an s ion

● Hu bble Con s t an t  H0
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Source: E Hubble, A relation between distance and radial velocity among extra-
galactic nebulae. Proc Natl Acad Sci USA 15, 168–173 (1929).



ΛCDM  Cosm ology

3

● Big Ban g

● In fla t ion

● St r u ct u r e  For m at ion

● Recom bin a t ion

● Galaxy Evolu t ion

● Acceler a t ed  La t e  Tim e Exp an s ion

NASA



ΛCDM  Cosm ology

● Cosm ic exp an s ion  d r iven  by da r k en er gy Λ

● St r u ct u r e  for m at ion  dom in a t ed  by n on - r ela t ivis t ic 

“ cold”  da r k m at t er  (CDM)

● Fr iedm an n – Lem aît r e– Rober t son – Walker  m et r ic

● Six Par am et er s : age, da r k m at t er  den s it y, ba r yon  

den s it y, e t c.
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Physics Ingredients
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The Cosm ic M icrowave Background (CM B)



Determ in ing H 0
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● Rou gh ly t wo t yp es  of m et h od
● Ear ly vs . La t e

Let ’s  look a t  ea r ly m et h ods  fir s t .



The “ Ear ly”  M ethod

● Based  on  ΛCDM Model

● CMB Tem p er a t u r e  

Flu ct u a t ion s  vs  An gu la r  Sca le

● Cu r ve fit t in g  g ives  H 0  

● Plan ck da t a  

● H 0=6 7.4  ± 0 .5 km / s / Mp c

7Planck Col laborat ion



The “ Late”  M ethod
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● Dir ect  ap p lica t ion  of 

Hu bble’s  Law

● Velocit ies  det er m in ed  by 

r edsh ift

● Dis t an ce det er m in ed  by 

Cosm ic Dis t an ce Ladder

● H 0 = 73.24  ± 1.74  km / s / Mp c
Credit: Pearson Education, Inc.



The Distance Ladder

Mary McIntyre
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Mary McIntyre "Inverse square law" by Borb CC BY 2.0

https://www.blogger.com/profile/12143441930977707777
https://www.blogger.com/profile/12143441930977707777


The Distance Ladder
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The Distance Ladder
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The Distance Ladder

12Standard Candles!



Type IA Supernovae

● Accret ion  of m ass   on t o  

wh it e  dwar f s t a r s

● Occu r s  a t  r e liable  m ass  

t h r esh old

● Provides  a  r eliable  

lu m in os it y

● Grea t  St an dard  Can d les
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NASA's Goddard Space Flight Center Conceptual 
Image Lab 
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The Hubble Tension

Ear ly M ethod: 67.4 ± 0.5 km / s/ M pc 

Late M ethod: 73.24 ± 1.74 km / s/ M pc
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The Hubble Tension

● Th ese r esu lt s  can  n ot  be r econ ciled  wit h  cu r r en t  

u n cer t a in t ies

● New m et h ods  a r e  n eeded  for  m easu r in g  H 0

● Th e ΛCDM m odel m ay fa il!
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Exper im ental  Resolut ions

● Sys t em at ic er r or  ap p ea r s  u n likely
● Mu lt im essen ger  a s t r on om y m ay p r ovide 

a lt er n a t ive m easu r em en t s
● Gr avit a t ion a l Len s in g can  con s t r a in  H0 as  

well

R. Hurt/Caltech-JPL NASA HST
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Theoret ical  Resolut ions

● Ear ly Dar k En er gy

● Modified  Gr avit y

● New Ph ys ics  in  ea r ly ba r yon - p h ot on  in t er act ion s

Wikimedia Commons
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Sum m ary

● Th e Hu bble Ten s ion  is  a  d iscr ep an cy bet ween  va lu es  of H0  

for  d iffer en t  exp er im en t a l m et h ods

● Th e r esolu t ion  will r equ ir e  e it h er  n ew p h ys ics  or  exp ose 

deficien cies  in  obser va t ion a l m et h odologies

● New ar eas  of a s t r on om y m ay p r ovide a lt er n a t ive 

m easu r em en t s  t h a t  gu ide u s  t owar d  a  so lu t ion



The End
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Sources

1. https :/ / iops cience.iop.org/ article/ 10.1088/ 1361-

6382/ ac086d

2. https :/ / vickys cowcroft.github.io/ PH40112_rmd/ c

h-obs -techs -cmb.html

3. https :/ / arxiv.org/ pdf/ 1911.11786.pdf

4. https :/ / www.nas a.gov/ feature/ goddard/ 2016/ ns f-

s -ligo-has -detected-gravita tional-waves

5. M. Kamionkowski and A. G. Riess, The Hubble 

Tension and Early Dark Energy. 2211.04492

https://iopscience.iop.org/article/10.1088/1361-6382/ac086d
https://vickyscowcroft.github.io/PH40112_rmd/ch-obs-techs-cmb.html
https://arxiv.org/pdf/1911.11786.pdf
https://www.nasa.gov/feature/goddard/2016/nsf-s-ligo-has-detected-gravitational-waves
https://arxiv.org/pdf/2211.04492.pdf
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