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Naturalness in Crisis 

HHmLSM
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   Can apply same argument 

to scales between TeV and 

sub-eV scales. 

Must cancel to 32 

decimal places!! 

 



Scalars and Naturalness 

• Scalar masses get large corrections even if the 

scalars couple only with gravitational strength: 
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𝛿𝑚2 =
Λ4

𝑀4
2 = 𝑀4

2    if Λ = 𝑀4 



Scalars and Naturalness 

• Party line: for energies too low for SUSY to 

help, a pseudo-Goldstone boson is the only 

option for naturally light scalars 
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is protected by 𝜗 → 𝜗 + 𝑐 



Outline 

• Motivation 

• Naturalness and light scalars 

• Light scalars from extra dimensions 

• The generic situation 

• Brane back-reaction as a game-changer 

Scalars 2011 



Branes and Naturalness 

• One way extra dimensions help is by lowering 

the gravity scale: e.g. 𝑀4 = 𝑀6
2𝑟 in 6D 

Scalars 2011 

𝛿𝑚2 =
𝛬4

𝑀4
2 =
𝑀6
4

𝑀4
2 =
1

𝑟2
   if  Λ ≤ 𝑀6 

 



Branes and Naturalness 

• One way extra dimensions help is by lowering 

the gravity scale: e.g. 𝑀4 = 𝑀6
2𝑟 in 6D 

Scalars 2011 

𝛿𝑚2 =
𝛬4

𝑀4
2 =
𝑀6
4

𝑀4
2 =
1

𝑟2
   if  Λ ≤ 𝑀6 

 

Seems cannot get m smaller than 

smallest KK scale: 10-2 eV 



Branes and Naturalness 

• One way extra dimensions help is by lowering 

the gravity scale: e.g. 𝑀4 = 𝑀6
2𝑟 in 6D 

Scalars 2011 

𝛿𝑚2 =
𝛬4

𝑀4
2 ≤

1

𝑟4𝑀4
2  if  Λ ≤

1

𝑟 

 

But 4D kinematics cannot be used 

for the loop for L larger than the 

KK scale 



Branes and Naturalness 

• Must re-estimate the contributions from higher 

dimensions using higher dimensional 

kinematics 
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𝛿𝑚2 =
𝛬6

𝑀6
4 = 𝑀6

2  if  Λ = 𝑀6  

 

Same as 4D estimate if one sums 

over N ~ (M6 r)2   KK states 



Branes and Naturalness 

• But a scalar in 4D need not be a scalar in higher 

dimensions, and so its mass can be protected 

from higher-dimensional loops 
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In some circumstances, can get 

masses as low as d m ~ 1/(M4 r
2), 

which can be as low as the Hubble 

scale if r is as large as possible 

Rest of talk: 



Branes and Naturalness 

• Suppose scalar is a modulus of the metric, like r 

itself. UV loop gives local contribution to action 
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V =  𝑑2𝑥 𝑐0𝑀
6 + 𝑐1𝑀

4𝑅 + 𝑐2𝑀
2𝑅2 + 𝑐3𝑅

3 +  

= 𝑟2 𝑐0𝑀
6 + 𝑐1
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    YES!   

 

     Back-reaction can cancel the rest for 

      two supersymmetric extra dimensions 
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Setup 

• Resolution: subdominant effects in the brane 

action are important for flux quantization 

• New function F has interpretation as brane-

localized flux 
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𝑛

𝑔
=  𝐹 +

1

2𝜋
 Φ𝑏 𝑒

𝜙
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Calculation 

• Perturb brane properties 

• To evade time-dependence add current 

• Find general solution to linearized equations 
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𝜕

𝜕𝜙
 𝛿𝑇𝑏 − 𝑄𝛿Φ𝑏
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𝜌 = 𝛿𝑇𝑏 − 2𝑄𝛿Φ𝑏 = −
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Case 1: scale invariant:  

𝑉(𝜙) = 𝐴𝑒2𝜙 

with v ~ 50 then 𝛿𝑇𝑏 = 𝐴 +𝐵 (𝜙 + 𝑣)
2 

Case 2: exponentially large volume:  

𝑟 = 𝐿𝑒−𝜙/2 ≫ 𝐿 
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then 𝛿𝑇𝑏 and 𝛿Φ𝑏 both independent of 𝜙  

Case 3: parametrically small vacuum energy:  

𝜌 = 0 

and 𝜙∗ adjusts to satisfy flux quantization condition 

 

Brane action independent of 𝜙 stable against brane loops 

Bulk loops generate corrections of order 𝑒2𝜙 = 1 𝑟 
4  
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Conclusions 

• Branes and brane back-reaction can have 

important implications for low-energy theory 

• Little explored beyond codimension one 

• For codimension two: 

• Explicit matching between source and bulk known 

• Potentially useful applications: very light scalars; 

exponentially large dimensions; progress on 

cosmological constant; de Sitter constructions… 
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