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Outline 

• New tool: high codim back-reaction 

• Implications for cosmological constant problem 

• see 1101.052 and 1108.0345 (w L van Nierop) 

• Honest-to-God higher-dim inflation 

• de Sitter no-go loopholes 

• Inflationary models  
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Extra dims and naturalness 

• How can extra dimensions help? 

• scalars in 4D need not be scalars in higher D 
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Higher-codimension back-reaction 

• Why are higher codimensions harder? 

• In d space dims massless fields vary as r2-d and so 

tend to diverge at the source positions for d > 1 
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𝜕𝜙

𝜕𝑟
→

𝜕𝑆

𝜕𝜙
 

….and similarly for gmn etc 

Peloso, Sorbo & Tasinato 

CB, Hoover, de Rham & Tasinato 



Codimension-2 back-reaction 

• Source boundary conditions:             

if 𝑑𝑠2 = 𝑒2𝑊𝑑𝑥2 + 𝑑𝑟2 + 𝑒2𝐵𝑑𝜃2 then 
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Higher-codimension back-reaction 

• Why are higher codimensions harder? 

• In d space dims massless fields vary as r2-d and so 

tend to diverge at the source positions for d > 1 

 

• How is this dealt with? 

• Source action dictates near-source boundary 

conditions 

• Must renormalize source action 
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Goldberger & Wise 

de Rham 
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Back-reaction vs de Sitter no-go 

• Few honest-to-God extra dimensional 

cosmologies exist 

• work in 4D effective theory 

• work with moving branes in static backgrounds  
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Back-reaction vs de Sitter no-go 

• Few honest-to-God extra dimensional 

cosmologies exist 

• work in 4D effective theory 

• work with moving branes in static backgrounds  

• Lower-dimensional dS solutions in higher 

dimensions difficult to find 

• Motivated no-go results for de Sitter solutions 
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Back-reaction vs de Sitter no-go 

• Few honest-to-God extra dimensional 
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• What do extra dimensions do during inflation? 

• Explicit example from 6D supergravity with cod-2 
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de Sitter solutions and no-go results:            

 

if     𝑆 = 
1

2𝜅2  −𝑔 𝑅 + 𝐿𝑚 + 𝑆𝑠𝑜𝑢𝑟𝑐𝑒  

 

and   𝑑𝑠2 = 𝑒2𝑊𝑔𝜇𝜈𝑑𝑥
𝜇𝑑𝑥𝜈 + 𝑔 𝑚𝑛𝑑𝑥

𝑚𝑑𝑥𝑛 

 

then in absence of space-filling fluxes 
1

2𝜅2  𝑅 = 𝑆𝑜𝑛−𝑠ℎ𝑒𝑙𝑙 +  𝛻2𝑒𝑑𝑊 + 𝑔𝜇𝜈
𝑑𝑆𝑠𝑜𝑢𝑟𝑐𝑒
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Source-brane matching conditions imply these 

terms exactly cancel one another for codim-2 

sources 

 

This term is generically a total derivative for 

higher-dim supergravities: 𝑆𝑜𝑛−𝑠ℎ𝑒𝑙𝑙 =  𝑑Ω 

Aghababaie et al 



Motivation 
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This term is generically a total derivative for 

higher-dim supergravities:   

 

  𝑆𝑜𝑛−𝑠ℎ𝑒𝑙𝑙 =  𝑑Ω 

This can have de Sitter sign 

 

Because it is a total derivative it 

does not depend on most of the 

details of back-reacted solutions. 
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Explicit 

solutions 
 



Higher-dimensional inflation 

• What about time-dependent solutions? 
• Must generalize brane matching conditions to case where 

on-brane geometry is not maximally symmetric 

• Wish to solve higher-dimensional field equations exactly, 

including energetics of modulus stabilization  

PP Inflation Oct 2011 



Higher-dimensional inflation 

• What about time-dependent solutions? 
• Must generalize brane matching conditions to case where 

on-brane geometry is not maximally symmetric 

• Wish to solve higher-dimensional field equations exactly, 

including energetics of modulus stabilization  

• For supersymmetric systems exact time-

dependent scaling solutions are known 
• Can these be matched to sensible brane physics to see how 

brane properties control bulk fields?  
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Higher-dimensional inflation 

• 6D Einstein-Maxwell-scalar system 
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𝐿𝑏1 = 𝑇1 + 𝑒−𝜙  𝜕𝜒 2+𝑉1𝑒
𝜆𝜒 + ⋯  

𝐿𝑏2 = 𝑇2 

• Brane-localized inflaton, c 

Nishino & Sezgin 

𝐿 =
1

2𝜅2
𝑅 + 𝜕𝜙 2 + 𝑒−𝜙𝐹𝑚𝑛𝐹

𝑚𝑛 + 𝐶𝑒𝜙 

dS sign 



Higher-dimensional inflation 

• Exact time-dependent solution 
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𝑐+1𝑑𝜏 • FRW time in 4D Einstein frame 
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Tolley, CB, de Rham 
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• If c = -2 then 𝑎(𝑡) = 𝑒𝐻0𝑡 and r constant 

• 4D de Sitter geometry: evades no-go results due to 

near-brane asymptotics:  𝑆𝑜𝑛−𝑠ℎ𝑒𝑙𝑙 =  𝛻2𝜙 

Tolley, CB, de Rham 
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𝑑𝑠2 = 𝐻0𝜏
𝑐 𝑔𝑚𝑛𝑑𝑥

𝑚𝑑𝑥𝑛 + 𝜏2 𝑔𝑖𝑗𝑑𝑥
𝑖𝑑𝑥𝑗  

𝑑𝑡 = ∓ 𝐻0𝜏
𝑐+1𝑑𝜏 • FRW time in 4D Einstein frame 

• If c ≠ -2 then 𝑎(𝑡) = (𝐻0𝑡)
𝑝 and r(𝑡) = (𝐻0𝑡)

1/2

  with 𝑝 = (𝑐 + 1)/(𝑐 + 2)  

      

         accelerated expansion if p > 1 and so c < -2 

Tolley, CB, de Rham 

𝑒−𝜙 = 𝐻0𝜏
𝑐+2𝑒−𝜑(𝑟) 



Higher-dimensional inflation 

• Source-bulk matching: how does it end? 
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𝐿𝑏 = 𝑇 + 𝑒−𝜙  𝜕𝜒 2+𝑉0 + 𝑉1𝑒
𝜆𝜒 +⋯  

• Add inflaton c evolution to the equations 

Then    c +2 = −𝜆𝜒1    controls the slow roll 

and   𝐻0
2 = 𝜆𝑉1/ 𝜒1 3+ 2𝜆𝜒1  

𝜒 = 𝜒0 + 𝜒1 ln 𝐻0𝜏  

CB & van Nierop 



Higher-dimensional inflation 

• Extra dimensions grow as the expanding 

noncompact four dimensions accelerate 

• Inflation could help understand why extra 

dimensions have particular properties in our epoch  
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Higher-dimensional inflation 

• Extra dimensions grow as the expanding 

noncompact four dimensions accelerate 

• Inflation could help understand why extra 

dimensions have particular properties in our epoch 

• Evolving volume potentially allows the gravity 

scale to be high at horizon exit, but low at present 
(similar to Conlon, Kallosh, Linde & Quevedo)  
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Potentially wide-ranging  

observational implications  

for Dark Energy cosmology,  

the LHC and elsewhere… 


