A journey to our cosmic origins
with the oldest light in the Universe

Clara Verges, LBNL
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The Big Bang -t =0s

Hot & Dense

e Thermal agitation is extremely
high

e All possible reactions are
happening at the same time,
nothing is stable

Expanding & Cooling

e Thermal agitation
decreases

e Reactions start freezing =
stop happening in both
directions




Baryogenesis

Quarks = fundamental, sub-atomic particles
that assemble to form baryons

proton

Baryons = assembly of 3 quarks - typically neutrons &
protons

® Quarks are formed as independent particles, not yet
bound into bigger particles

* Then as cooling continues, they start forming baryons



Primordial nucleosynthesis

Nucleus = assembly of protons & neutrons

Primordial = initial, in the early Universe (opposed to stellar
nucleosynthesis that happens in stars and forms heavier atoms)

OO O

proton neutron
hydrogen bhoton (energy)
proton ‘ ‘
hydrogen helium photon (energy)

There is a total of 7 chain reactions happening in the early Universe to produce hydrogen & helium



The recombination -t = 380,000 years

Recombination




The CMB -t = 380,000 years







What is the Universe made of today?

e 5% baryonic matter = us!

e 25% dark matter = "invisible"
matter

e 70% dark energy =a
mysterious force that drives
the Universe expansion
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https://chrisnorth.github.io/planckapps/Simulator/#



https://chrisnorth.github.io/planckapps/Simulator/#

Cosmic mysteries...
and solution!



Initial conditions puzzle - I: homogeneity




Initial conditions puzzle - II: curvature
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Initial conditions puzzle - solution!

We are here - and now!
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The CMB is our messenger for inflation!
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... and for many other things! 13.8 billion years to explore!







Basic principle

Radiation Type Radio Microwaje
10

Wavelength (m) 10°

Frequency (Hz)

4

10 10°®

Temperature of
objects at which
this radiation is the
most intense
wavelength emitted

Redshift

Gamma ray

10,000,000 K
~10,000,000 °C

Power P

Resistive
Thermometer

absorber

Thermal Mass
Heat Capacity C
Temperature T

Thermal
Conductance G

Thermal Reservoir



Polarisation

Polarizing filter

Polarization

’J‘ direction
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Where to go?

Summit station, Ali observatory
Greenland Tibet
L

South Pole, Antarctica

Total precipitable water vapor (kg m-2)
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D. Barkats/BK collaboration



Still avoiding the atmosphere
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SPT Collaboration
D. Kellner
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Large aperture telescope

Elevation Structure LATR

—19m

15m

Dilution Refrigerator
(DR)

100 mK Thermal BUS

1 K Thermal BUS

Back Plate

Optics Tube

300 K Filter

80 K Filters

40 K Filter 4 K Stage

G10 Tab
40 K Stage

Vacuum Stage 80 K Stage




Large aperture telescope

SO Collaboration



Small aperture telescope

Reflective Groundshield Absorptive Forebaffle
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External view

SO Collaboration




Tubes and mount



http://www.youtube.com/watch?v=eN3J2s06jms
http://www.youtube.com/watch?v=QCgYOBcIxFE

InS|de a CMB Vacuum window
telescope

= Ambiant temperature

Optics Getting colder!
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Inside a CMB telescope
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BK Collaboration



Vacuum window

Small aperture
telescope

== Ambiant temperature

Optics Getting colder!
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Inside a CMB telescope




What do raw data look like?

elnod 1 Run 20120622001_dk293, scan block 1; Bx: 0
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p0 filt; pair—diff
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Making maps -
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BK collaboration/S4 collaboration






