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• What is the Universe made of? 

• What has been its evolutionary 
history? 

• How did the objects in it form? 

• What are the properties of Dark 
Energy & Dark Matter?

Fundamental questions that all of you  
now can answer !!

little recap in case you have forgotten…
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dark matter 
80%

stars 
3%

gas 
17%

most of the mass in  
the Universe is made of something else 

(not atoms, “dark matter”)
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not matter! “dark energy” 
70%

dark matter 
25%

normal matter 
5%

what is the 95% of the 
universe that we can’t see?
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CREDIT: MELISSA THOMAS (illustration)

TIME

Story of the expanding Universe
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The Cosmic Microwave Background 
observed by the Planck Satellite

The 380,000 year old Universe 

density fluctuations are 1/100,000 
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The 13.7 billion year old 
Universe 
(today)
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Smooth initial 
conditions

Clumpy 
universe today

How did objects in the Universe form?
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simulation: Wu, Hahn & Wechsler (Stanford/SLAC)	

visualization: Kaehler (SLAC)
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 Dark matter

1.  Motion of astronomical objects & bulk flows !
2.  How mass effects the light from distant galaxies !
3.  Measurements of the clustering of galaxies !
4.  Galaxy formation !
5. Cosmic microwave background
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                          Dark energy 
!
!

Cosmic Age Problem 
!
!
Supernovae observations 
!
!
Growth of clusters, large scale  
structure 
!
Cosmic inventory from CMB 

!
!
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Properties of Dark Energy
 • Dark matter clumps       

Dark energy is smoothly distributed throughout the universe.  
!
 • Dark matter is pressureless, with rest mass dominating the energy density.       

Dark energy has a strongly negative pressure 
!
 • Dark matter has been important to the evolution of the universe since early times       

Dark energy only important recently (since the Universe was 7 billion years!.  
!
 • Dark matter interacts through gravity and maybe the weak force.        

Dark energy interacts only through gravity. 

A quantum vacuum has exactly  
the properties  

of Dark Energy we observe 
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Looking to the future…. 
Precision Cosmology

!
What are interesting probes of 
Dark Energy? 
!
What surveys are coming up next?

ΛCDM dark energy 
70%

atoms 
5%

dark matter 
25%
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1. Expansion rate

 “Standard 
 candles”

Ways to test  
Dark Energy

 “Standard 
 rulers”
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Ways to test  
Dark Energy
1. Expansion rate

 “Standard rulers”
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Baryon Acoustic Oscillations  
!

(BAO)
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Image credit:Wayne Hu

Baryon  
Acoustic  

Oscillations 

17 18

2. Growth of structure

Ways to test  
Dark Energy

Weighing clusters of  
galaxies over time
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Finding Clusters with the  
Sunyaev Zel'dovich Effect
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NSF-NASA-DOE 
Dark Energy Task Force

• Determine if the accelerating expansion is 
due to a cosmological constant 

!
!
• If acceleration is not due to a cosmological 

constant probe the dynamics 
!
!
• Search for a possible failure of General 

Relativity by comparing expansion history 
and growth of structure
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Dark Energy  
Survey
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The Dark Energy  
Survey

• 300 million galaxies 

• 1/8 of the sky 

• ~ 2.5 magnitudes deeper than the Sloan Digital Sky Survey: can 
detect galaxies like the Milky Way over half the age of the Universe  

• survey started Aug 31

2013-2018
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LSST

• 10 billion galaxies 

• image half the sky, every 3 nights 

• 5 magnitudes deeper than SDSS 

• 30 TB/night, ~100 PB over 10 years

2018-2028
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BICEP2’s  
exciting recent  
discovery!

The best: NatGeo’s
latest photo contest

Complications for
coal-state
Democrats

GRAPHIC |
Weapons used in
mass shootings

Rihanna’s ‘invisible’
dress...

Big Bang backlash: BICEP2 discovery of gravity
waves questioned by cosmologists

Video: In March, scientists from the Harvard-Smithsonian Center for Astrophysics announced their discovery of
gravitational waves created at the dawn of the universe. These waves were created in a period of rapid expansion
called cosmic inflation. This new evidence could prove the definitive confirmation of the inflation theory. But other
researchers are not convinced.

More

More

By Joel Achenbach, Published: May 16  E-mail the writer

It was the science story of the year: Astrophysicists held a news conference at Harvard on
March 17 announcing that their South Pole telescope had found evidence of gravity waves
from the dawn of time.

Cosmology doesn’t get any bigger than this. The discovery was hailed as confirmation of a
mind-boggling addendum to the big-bang theory, something called “cosmic inflation” that
describes the universe beginning not in a stately expansion but with a brief, exponentially
rapid, inflationary spasm.

Science is a demanding and unforgiving
business, and great discoveries are greeted
not with parades and champagne but rather
with questions, doubts and demands for
more data. So it is that, in recent days,
scientists in the astrophysics community
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Obama defends
decision to swap
Taliban detainees
Zachary A. Goldfarb and Ed O’Keefe

The president says he saw an opportunity
to secure Sgt. Bowe Bergdahl’s release
and seized it, but acknowledges the risks
of releasing the five from Guantanamo.

House GOP briefed on swap in 2011

U.S. called rescue too risky at first

Ex-Blue Angels commander
failed to stop lewd behavior
Craig Whitlock 1:04 PM ET

A probe found Capt. Gregory McWherter
guilty of encouraging an environment in
which pilots kept pornography in jets and
even painted a phallus on a facility’s roof.

Tech moguls put their money on lawyer Ro Khanna. (Nick Ott for The Post)

Some say he’s a Silicon Valley groupie;
Tech titans say he’s the political future
Philip Rucker

Even prominent California Democrats are staying out of this race,
as tech bigwigs hungry to be heard in Washington try to trade tried-
and-true constituency politics for the voice of Ro Khanna.

5 biggest things to watch in tonight’s primaries

 

New plan to stop mass shootings
Could mental health reform be the new path to prevent
mass violence? House Republicans think so.

    

Obama to seek up to $1 billion to boost
military presence in Eastern Europe

Zachary A. Goldfarb

The White House aims to reassure
allies that it will rebuff Russian
encroachments in the region.

Hagel prods Europe to pay its share

The Secret Service wants software
that detects sarcasm. Yes, really.

Katie Zezima 11:20 AM ET

THE FIX | The agency wants heat
maps and real-time data to help sift
through the snark on social media.

Hiccups: We all get them. But why?
Meeri Kim

Scare tactics. Holding our breath.
Peanut butter. We’ll do anything to
get rid of them, but there isn’t a cure.

Opinions
Obama tries to excuse the inexcusable

Richard Cohen

The president talks himself into a
corner.

Wemple: O’Reilly — POW’s father ‘looks Muslim’

Waldman: GOP jumps on train to Crazytown

Vanden Heuvel: Turn the NRA’s weapon against it

Editorial: Was Bowe Bergdahl’s price too high?

Sargent: Dems face big problem with core voters

Rubin: Republicans’ immigration fantasy

Milbank: The EPA’s unflinching liberalism

More Headlines
Poll: Most Americans deeply troubled by VA mess

Syrian election shows extent of Assad’s sway

Lockheed Martin wins ‘space fence’ contract

Five major new features of Apple’s iOS 8

Nutella battle: Imported vs. domestic
Jim Webster

After hearing that the Italian version
isn't as sweet, one Nutella fan starts
tasting. And calculating.

Taste testing the Nutella imposters
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The top-read stories of the past four hours

Bodies of 800 babies, long-dead,
found in septic tank at former Irish
home for unwed mothers

The curious case of Bob Bergdahl's
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Female-named hurricanes kill more than male
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An imprint left on ancient cosmic light that was attributed to ripples in
spacetime – and hailed by some as the discovery of the century – may have
been caused by ashes from an exploding star.

In the most extreme scenario, the finding could suggest that what looked like
a groundbreaking result was only a false alarm. Another possibility is that the
stellar ashes could help bring the result in line with other cosmic observations.
We should know which it is later this year, when researchers report new
results from the European Space Agency's Planck satellite.

On 17 March, researchers led by John Kovac of Harvard University
announced that gravitational waves from the early universe had been found
by a telescope called BICEP2 at the South Pole.

The waves were said to be the "smoking gun" evidence for the theory of
inflation, which suggests that space expanded faster than the speed of light in
the first moments after the universe's birth. The announcement sent shock
waves through the physics world. "I was so excited," recalls Philipp Mertsch of
Stanford University in California.

Dust damper

But soon it dawned on him that his own research on galactic dust might put a
damper on the result. That is because BICEP2 identified the waves based on
how they appeared to polarise, or align, the electromagnetic fields of photons
they came into contact with in the infant universe.

Those photons, which have been travelling through space ever since, appear
in every direction in the sky as the cosmic microwave background (CMB)
radiation. But other things apart from gravitational waves, such as dust, can
emit polarised photons.

To minimise the chances of this effect causing a false signal, the BICEP 2
team pointed their telescope at a patch of sky far away from the Milky Way's
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Could a supernova be the real source of the signal?
(Image: X-ray: NASA/CXC/SAO/F.Seward et al;
Optical: NOAO/CTIO/MCELS, DSS)
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Planck Satellite also sees dust

Planck data in Bicep2 region should be released soon!
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Thank you  
& farewell!
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