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Local	
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§  Simple	
  form:	
  	
  

§  Dis.nguishes	
  between	
  single-­‐	
  and	
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  Infla.on	
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§  Local	
  non-­‐Gaussianity	
  predicts	
  squeezed-­‐limit	
  bispectrum:	
  

ΦL	
  



Current	
  best	
  constraints	
  from	
  CMB	
  bispectrum	
  

Planck2015	
  T+P	
  Bispectrum:	
  
	
  

	
  fNL	
  =	
  0.8	
  +/-­‐	
  5.0	
  (68%	
  CL)	
  

Planck	
  2015,	
  paper	
  XVII	
  

Φ(x) =ΦG (
x)+ fNL

loc ΦG
2 (x)− ΦG

2 (x)( )Remember:	
  	
  



Single-­‐Field	
  Infla.on:	
  

fNL
(infl) ~ (ns −1)<<1

Squeezed	
  limit	
  consistency	
  condi5on	
  
by	
  Maldacena	
  (2003):	
  

Measuring	
  local	
  primordial	
  non-­‐Gaussianity	
  to	
  σ(fNL)	
  <	
  1	
  
may	
  dis.nguish	
  between	
  single-­‐	
  and	
  mul.-­‐field	
  Infla.on	
  

e.g.	
  Alvarez,…,	
  de	
  PuPer,	
  et	
  al	
  (arXiv:1412.4671)	
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(infl) ~ (ns −1)<<1

Squeezed	
  limit	
  consistency	
  condi5on	
  
by	
  Maldacena	
  (2003):	
  

fNL
(infl) ≥1

Measuring	
  local	
  primordial	
  non-­‐Gaussianity	
  to	
  σ(fNL)	
  <	
  1	
  
may	
  dis.nguish	
  between	
  single-­‐	
  and	
  mul.-­‐field	
  Infla.on	
  

e.g.	
  Alvarez,…,	
  de	
  PuPer,	
  et	
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Mul.-­‐Field	
  Infla.on:	
  



Primordial	
  non-­‐Gaussianity	
  leads	
  to	
  
scale-­‐dependent	
  halo	
  bias	
  

Dalal,	
  Doré,	
  Huterer	
  &	
  Shirokov	
  2008	
  

b(k) = b1



Primordial	
  non-­‐Gaussianity	
  leads	
  to	
  
scale-­‐dependent	
  halo	
  bias	
  

Dalal,	
  Doré,	
  Huterer	
  &	
  Shirokov	
  2008	
  

Δb(k) = 2 fNL (b1 −1)δc
3ΩmH0

2

k2T (k)D(z)

Image:	
  Young	
  &	
  Byrnes	
  2015	
  



Future	
  galaxy	
  surveys	
  can	
  in	
  principle	
  
reach	
  σ(fnl)	
  <	
  	
  1	
  1	
  

RdP	
  &	
  Doré	
  2014,	
  Ferrara	
  &	
  Smith	
  
2014,	
  Raccanelli	
  et	
  al	
  2014,	
  etc	
  



Is	
  there	
  scale-­‐dependent	
  bias	
  in	
  single-­‐field	
  Infla.on?	
  

fNL
(infl) ~ (ns −1)<<1

Consistency	
  Condi5on	
  by	
  Maldacena	
  (2003):	
  

δn = ∂n
∂ lnσM

2

d lnσ ph
2

dφl
φl

non-­‐Gaussianity	
  

d lnσ 2

dφl
= −4 fNL

(δ )

de	
  PuPer,	
  Doré	
  &	
  Green,	
  arXiv:1504.05935	
  



Is	
  there	
  scale-­‐dependent	
  bias	
  in	
  single-­‐field	
  Infla.on?	
  

Verde	
  &	
  Matarrese	
  2009;	
  Bruni,	
  Hidalgo	
  &	
  Wands	
  
2014;	
  Camera,	
  Santos	
  &	
  Maartens	
  2015,…	
  

fNL
(infl) ~ (ns −1)<<1

Consistency	
  Condi5on	
  by	
  Maldacena	
  (2003):	
  

δn = ∂n
∂ lnσM

2

d lnσ ph
2

dφl
φl

non-­‐Gaussianity	
  

d lnσ 2

dφl
= −4 fNL

(δ )

BUT:	
  “Maldacena”	
  applies	
  to	
  
comoving	
  curvature	
  perturba5on	
  
on	
  constant	
  density	
  slices	
  

ζ =ζ (G ) − 3
5 fNL

(infl) (ζ (G ) )2

fNL
(δ ) = − 5

3 + fNL
(infl)scale-­‐dependent	
  bias(?):	
  

de	
  PuPer,	
  Doré	
  &	
  Green,	
  arXiv:1504.05935	
  

nonlinear	
  transforma.on	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  ζ	
  to	
  δ	
  



But	
  is	
  there	
  really	
  scale-­‐dependent	
  bias?	
  

d lnσ 2

dφl
= −4 − 5

3 + fNL
(infl)( )

Variance	
  on	
  fixed	
  comoving	
  scale	
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  physical	
  scale	
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  calcula.on	
  



But	
  is	
  there	
  really	
  scale-­‐dependent	
  bias?	
  

d lnσ 2

dφl
= −4 − 5

3 + fNL
(infl)( )

Resolu5on:	
  When	
  the	
  small-­‐scale	
  variance	
  is	
  computed	
  at	
  
fixed	
  physical	
  scale,	
  the	
  dependence	
  on	
  ϕl	
  cancels	
  exactly	
  

Variance	
  on	
  fixed	
  comoving	
  scale	
  

d lnσ ph
2

dφl
= 0

Variance	
  on	
  fixed	
  physical	
  scale	
  

explicit	
  calcula.on	
  

de	
  PuPer,	
  Doré	
  &	
  Green,	
  arXiv:1504.05935	
  
see	
  also:	
  Dai,	
  Pajer	
  &	
  Schmidt	
  1504.00351	
  

But	
  is	
  there	
  really	
  scale-­‐dependent	
  bias?	
  	
  
No.	
  



Op.mizing	
  a	
  galaxy	
  survey:	
  
how	
  to	
  reach	
  σ(fNL)	
  <	
  1?	
  

§  Number	
  density	
  

§  Survey	
  volume	
  

§  Redshi]	
  accuracy	
  

•  n	
  =	
  few	
  10-­‐4	
  (h-­‐1	
  Mpc)-­‐3	
  	
  (n	
  P	
  ~	
  1)	
  

•  V	
  =	
  many	
  100’s	
  (h-­‐1	
  Gpc)3	
  for	
  σ(fNL)~1	
  

•  High	
  redshik	
  accuracy	
  NOT	
  needed	
  

de	
  PuPer	
  &	
  Doré	
  2014	
  



A	
  large-­‐area,	
  narrow-­‐band	
  imaging	
  
survey	
  may	
  be	
  an	
  ideal	
  fNL	
  experiment	
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•  λ	
  =	
  0.75	
  –	
  4.8	
  μm	
  
•  Resolu5on	
  R	
  =	
  41.5	
  
•  Full-­‐Sky	
  
•  Pixel	
  Size	
  6.2’’	
  
•  Aperture	
  20cm	
  
•  FoV	
  3.5°	
  x	
  7°	
  



SPHEREx	
  enables	
  low-­‐res	
  spectroscopic	
  redshi]s	
  
for	
  300M	
  Pan-­‐Starrs/DES	
  +	
  WISE	
  selected	
  galaxies	
  

Pan-­‐Starrs	
  

WISE	
  



SPHEREx	
  Galaxy	
  Clustering	
  Can	
  Reach	
  σ(fNL)<	
  1	
  



Conclusions	
  

•  Primordial	
  non-­‐Gaussianity	
  is	
  an	
  important	
  probe	
  
of	
  the	
  Physics	
  of	
  Infla.on	
  

•  Constraining	
  order	
  unity	
  local	
  non-­‐Gaussianity	
  
using	
  scale-­‐dependent	
  galaxy	
  bias	
  dis.nguishes	
  
between	
  single-­‐	
  and	
  mul.-­‐field	
  models	
  

	
  
•  A	
  future	
  low-­‐resolu.on	
  spectroscopic	
  survey	
  like	
  
SPHEREx	
  can	
  reach	
  σ(fnl)	
  <	
  1	
  ,	
  shedding	
  new	
  light	
  
on	
  the	
  nature	
  of	
  Infla.on	
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SPHEREx	
  covers	
  wide	
  range	
  of	
  wavelengths	
  
with	
  resolu.on	
  R~40	
  

SPHEREx	
  white	
  paper:	
  Doré,	
  Bock	
  et	
  al	
  (1412.4872)	
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SPHEREx	
  will	
  measure	
  redshi]s	
  with	
  σz	
  <	
  0.1	
  (1	
  +	
  z)	
  for	
  
300M	
  galaxies,	
  selected	
  from	
  PanStarrs/DES	
  and	
  WISE	
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