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Smoothing through slow contraction
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t i m e  e v o l u t i o n  o f  t h e  f r a c t i o n a l  
e n e r g y  d e n s i t i e s  s c a l a r - f i e l d  m a t t e r ,  

c u r v a t u r e ,  a n d  s h e a r  

matter – yellow

curvature – blue

shear – pink

p r o p e r  ( s p a t i a l )  v o l u m e  o f  s c a l a r - f i e l d  
m a t t e r ,  c u r v a t u r e ,  a n d  s h e a r  

smal l  vo lume

large vo lume

Smoothing through slow contraction

Garf ink le ,  L im,  Pretor ius ,  Ste inhardt  (2007)
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c h a o t i c  b e h a v i o r  a t  e v e r y  s p a c e - t i m e  

p o i n t

Mixmaster spikes

matter – yellow

curvature – blue

shear – pink
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t i m e  e v o l u t i o n  o f  t h e  f r a c t i o n a l  e n e r g y  d e n s i t i e s  

s c a l a r - f i e l d  m a t t e r ,  c u r v a t u r e ,  a n d  s h e a r  

Super-Smoothing through slow contraction

w/Cook,  P retor iu s ,  S te inhardt :  in  p reparat ion

curvature – red

matter – green

shear – blue
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t i m e  e v o l u t i o n  o f  t h e  f r a c t i o n a l  e n e r g y  d e n s i t i e s  s c a l a r - f i e l d  
m a t t e r ,  c u r v a t u r e ,  a n d  s h e a r  

curvature – blue

matter – red

shear – green

Super-Smoothing through slow contraction

w/Cook ,  Pretor ius ,  Ste inhardt :  in  preparat ion



7Super-horizon modes through slow contraction 



8Generation of primordial perturbations
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- s t a b l e  b a c k g r o u n d  s o l u t i o n ;

- l e a s t  t u n e d ;

- ( n e a r )  s c a l e  i n v a r i a n c e

- l o c a l  n o n - g a u s s i a n i t y :  f N L =  0

S =
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D E N S I T Y  P E R T U R B A T I O N S :

N O  P R I M A R Y  T E N S O R  P E R T U R B A T I O N S !

…  b u t  

- s e c o n d a r y  t e n s o r s  ( r  ~ 1 0 - 6 ) ;

- B - m o d e s  f r o m  d e f e c t s  p o s s i b l e  ( t y p i c a l l y ,  n o n - G a u s s i a n )   

C O N V E R S I O N !  

f N L ~  O ( 1 )  p o s s i b l e

e.g. ,  I j jas  e t  a l . :  PRD 89  (2014)123520
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shear – blue

curvature – red

matter – green

Surprises from non-perturbative analysis

w/Garf ink le ,  Pretor ius ,  Ste inhardt :  in  preparat ion



10

shear – blue

curvature – red

matter – green

You better break that symmetry …

w/Garf ink le ,  Pretor ius ,  Ste inhardt :  in  preparat ion
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COSMOLOGY AS A TEST OF EINSTEIN 
GRAVITY WITH NON-STANTARD SOURCE 
AND/OR MODIFIED GRAVITY

well-posedness, physical and numerical 

stability, and gauge issues
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V I O L A T E
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What constitutes a `good’ 
dynamical theory?

P R L  1 1 7  ( 2 0 1 6 )  1 2 1 3 0 4 , P L B  7 6 4  ( 2 0 1 7 )  2 8 9

J C A P  0 2  ( 2 0 1 8 )  0 0 7


