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The expansion of the 
Universe is accelerating
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Why ?
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The Dark Side
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Gµ⌫ = Tµ⌫ + T de
µ⌫

Dark Energy
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Gµ⌫ = Tµ⌫ + T de
µ⌫

Dark Energy

The Force
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Gµ⌫ = Tµ⌫ + T de
µ⌫

Dark Energy

Modified Gravity

Gµ⌫ +GMG
µ⌫ = Tµ⌫
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We can look at the 
clustering of galaxies
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Real and Redshift Space in GR
Hubble expansion +
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What if we modify GR?
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Dark Matter
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Dark Matter
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Cold Dark Matter
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Dark Matter
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Self-Interacting?

Cold Dark Matter
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Dark Matter
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Self-Interacting?

“Dark atoms”?

Cold Dark Matter

14/12/2015



Dark Matter
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Dark Matter
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Dark Matter
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Double disk
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Dark Matter
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Double disk
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Dark Matter
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Double disk
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Dark Matter
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String Axiverse
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String Axiverse

Accelerated Cosmic expansion 
driven by axion-like 
quintessence field
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String Axiverse

Accelerated Cosmic expansion 
driven by axion-like 
quintessence field

We can use measurements (DA, H) 
to test its parameters
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String Axiverse
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String Axiverse
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Doppler
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Doppler

wide angle!

Alvise Raccanelli 14/12/2015



�S(r) = �R(r)�
✓
@vr
@r

+
↵(r)vr

r

◆

Doppler

P s(k, µ) =

"
�
1 + �µ2

�2
+

✓
↵
�µ

k�

◆2
#
P r(k)

Alvise Raccanelli 14/12/2015



↵1 = 2� be
H(z)�(z)

(1 + z)

↵2 = 2Q(z)


H(z)�(z)

(1 + z)
� 1

�

↵3 =
H(z)�(z)

(1 + z)


1� 3

2
⌦m(z)

�

Doppler

Alvise Raccanelli 14/12/2015



Doppler
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Doppler
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P(k)|α, fNL = 0
P(k)|Kaiser, fNL = 0
P(k)|Kaiser, fNL = 5
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Future Surveys
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Future Surveys
Deep: PFS, WFIRST
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Future Surveys

Wide: SPHEREx

Deep: PFS, WFIRST
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Deep and Wide: EMU, SKA

Future Surveys

Wide: SPHEREx

Deep: PFS, WFIRST
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SPHEREx:		An	All-Sky	Spectral	Survey	
Designed	to	Explore	
▪	The	Origin	of	the	Universe	

▪	The	Origin	and	History	of	Galaxies	
▪	The	Origin	of	Water	in	Planetary	Systems

The	First	All-Sky	
Near-IR	Spectral	Survey	

A	Rich	Legacy	Archive	for	the	
Astronomy	Community	with	100s	
of	Millions	of	Stars	and	Galaxies

Low-Risk	Implementation	
▪	Single	Observing	Mode	

▪	No	Moving	Parts	
▪	Large	Technical	&	Scientific	Margins



SPHEREx	Tests	Inflationary	Non-Gaussianity

• Non-Gaussianity distinguishes between multi- and single-field models 

• Projected SPHEREx sensitivity is δfNL < 1 (2σ) 
 - Two independent tests via power spectrum and bispectrum 

• Competitively tests running of the spectral index 
• SPHEREx low-redshift catalog is complementary for dark energy



late 2016 ?

ASKAP - EMU
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Thank 
You




