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• Theory: 

• Observation: 
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•  Λ ≤ 1000 Λ0 for structure formation 
Weinberg, PRL 59, 2607 (1987) 



𝑃 O 𝑜𝑏𝑠  
= 𝑃𝜙 O  𝑊𝑐 O, 𝑡𝑜𝑏𝑠 𝐿𝑐(O|𝑜𝑏𝑠) 



𝑃 Λ 𝑜𝑏𝑠  
= 𝑃𝜙 Λ  𝑊𝑐 Λ, 𝑡𝑜𝑏𝑠 𝐿𝑐(Λ|𝑜𝑏𝑠) 



• Pocket based measure 
Garriga, Tanaka & Vilenkin, PRD 60, 023501 (1999) 

– the number of observers within comoving volume 
 

• Scale factor cutoff measure 
De Simone, Guth, Salem & Vilenkin, PRD 78, 063520 (2008) 

– the number of observers within physical volume 
 

• Causal patch measure 
Bousso, PRL 97, 191302 (2006) 

– the number of observers within Hubble volume 

 



scale factor  
cutoff 

causal patch 

𝑡𝑜𝑏𝑠 = 𝑡0 

Typicality 
Page, hep-th/0610101 

 
• pocket based: 0% 
 

• scale factor cutoff: 55% 
 

• causal patch: 14% 



𝑃 Q 𝑜𝑏𝑠  
= 𝑃𝜙 Q  𝑊𝑐 Q, 𝑡𝑜𝑏𝑠 𝐿𝑐(Q|𝑜𝑏𝑠) 



• 𝑀 ≥ 𝑀∗ at 𝑡 → ∞ 
Martel, Shapiro & Weinberg, ApJ 492, 29 (1998),  
Pogosian & Vilenkin, JCAP 0701, 025 (2007) 

 

 

 

 

 

 

 



• 𝑀 = 𝑀∗ at 𝑡 = 𝑡∗ 
  

 

 

 

 

 

 

 



• 𝑀 = 𝑀∗ at 𝑡 = 𝑡∗ 
  

 

 

 

 

 

 

 



• 𝑀 = 𝑀∗ at 𝑡 = 𝑡∗ 
  

 

 

 

 

 

 

 



• 𝑀 = 𝑀∗ at 𝑡 = 𝑡∗ 
  

 

 

 

 

 

 

 



𝑀 ≥ 𝑀𝑀𝑊 
𝑡 → ∞ 

𝑀 = 𝑀𝑀𝑊 
𝑡 = 6 Gyr 

𝑀 = 𝑀𝑀𝑊 
𝑡 = 6 Gyr 



Bond et al, ApJ 379, 440 (1991) 
Bower, MNRAS 248,332 (1991) 
Lacey & Cole, MNRAS 262, 627 (1993) 



𝑡𝑖 increases 

𝑡𝑖 increases 

𝑀𝑖 increases 

𝑀𝑖 increases 

𝑀𝑖 ≥ 𝑀∗ 𝑀𝑖 = 𝑀∗ 

𝑀𝑖 ≤ 𝑀∗ 

𝑀𝑖 ≥ 𝑀∗ 
𝑀𝑖 ≤ 𝑀∗ 

𝑀𝑖 = 𝑀∗ 



0 1% 3% 10% 30% 100% 

𝑀𝑖 ≥ 𝑀∗ 𝑀𝑖 = 𝑀∗ 𝑀𝑖 ≤ 𝑀∗ 

𝑄 = 𝑄0 

𝑄 = 𝑄(Λ, 𝑡𝑓): 

galaxy population at 𝑡 = 𝑡𝑓 

to be independent of Λ 



0 1% 3% 10% 30% 100% 

𝑀𝑖 = 𝑀∗ 𝑀𝑖 ≤ 𝑀∗ 

𝑃 𝑄 =const. 

𝑃 𝑄 ∝ 𝑄−1 

𝑀𝑖 ≥ 𝑀∗ 



0 1% 3% 10% 30% 100% 

𝑀𝑖 = 𝑀∗ 𝑀𝑖 ≤ 𝑀∗ 

scale factor 
cutoff 

causal patch 

𝑀𝑖 ≥ 𝑀∗ 



Hammer et al, ApJ 662, 322 (2007) 
Burnstein et al, ApJ 614, 158 (2004) 
Bullock & Johnson, ApJ 635, 931 (2005) 



Typicality of 𝚲𝟎 
pocket 
based 

pocket based 
𝑸 = 𝑸(𝚲, 𝐭𝐟) 

scale factor 
cutoff 

causal 
patch 

- 0 0 55% 14% 

𝑀 ≥ 𝑀𝑀𝑊 at 𝑡 → ∞ 22% 0 36% 11% 

𝑀 = 𝑀𝑀𝑊 at 𝑡 = 6 Gyr 4.9% 0 52% 17% 

𝑀 = 𝟎. 𝟖𝑀𝑀𝑊 at 𝑡 = 𝟒 Gyr 
𝑀 = 𝑀𝑀𝑊 at 𝑡 = 6 Gyr 

4.5% 2.3% 55% 25% 

Typicality of 𝐐𝟎 𝑷 𝑸 =const. 𝑷 𝑸 ∝ 𝑸−𝟏 

- 0 63% 

𝑀 ≥ 𝑀𝑀𝑊 at 𝑡 → ∞ 0 0 

𝑀 = 𝑀𝑀𝑊 at 𝑡 = 6 Gyr 33% 76% 

𝑀 = 𝟎. 𝟖𝑀𝑀𝑊 at 𝑡 = 𝟒 Gyr 
𝑀 = 𝑀𝑀𝑊 at 𝑡 = 6 Gyr 

41% 67% 

depends only on 
𝑡𝑜𝑏𝑠 = 𝑡0? 

degeneracy broken 

needs 
Tegmark’s bound  




