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Sudbury Neutrino Observatory (SNO) 1999-2006
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The middle of the sun is so hot that the centers of the atoms (nuclei)

fuse together, giving off lots of energy and particles called neutrinos.

Studies of solar
Neutrinos.

We showed:

1. That calculations of
how the sun burns are
extremely accurate

2. Neutrinos change their
type as they travel
from the solar core to
Earth.

3. Together with
SuperKamiokande
studying atmospheric
neutrinos in Japan:

- Neutrinos have a finite
rest mass.

This requires changes to
the Standard Model of
Elementary Particles.




Sudbury Neutrino SuperKamiokande
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Canada Japan
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Nobel Prize 2015




Impact of Future Underground experiments
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Measurements of the Cosmic
Microwave Background by the
Planck Satellite Mission 2015

Remarkable measurements of light
at 2 degrees above absolute zero.
These small variations (1 part in
100000) grow to form our universe
(Stars, Galaxies).

An amazing model (see fit on left)
called:

Lambda Cold Dark Matter
provides beautiful fits to this and
other data such as the large scale
structure of the Universe.

Only 6 parameters used, including
the amounts of Matter, Dark
Matter, Dark Energy and other
parameters that affect how the
Universe evolves.




Nobel Prizes for Cosmology

 1978: Penzias and Wilson — Arno Allan Penzias
and Robert Woodrow Wilson “for their
discovery of cosmic microwave background
radiation”

* 2006: Mather and Smoot — “for their discovery
of the blackbody form and anisotropy of the
cosmic microwave background radiation”

 2011: Perlmutter, Schmidt and Riess - “for the
discovery of the accelerating expansion of the
Universe through observations of distant
supernovae”



Composition of the Universe as we understand it today
(Very different than 20 years ago thanks to very sensitive astronomical and astrophysical
experiments such as measurements of the cosmic microwave background, large scale
structure and distant supernovae.)

us!!!
Responsible for
accelerating the
Universe’s 7
expansion / matter Neutrinos
£ 4% Are only
dark energy a few %

dark matter
26%

70%

With underground labs we look for Dark Matter particles left from the Big Bang, with
ultra-low radioactive background.

At CERN Accelerator: Try to create it for the first time since the Big Bang




Impact of Future Underground experiments
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What is Dark Matter
It makes up 26% of
& the Universe and

influences formation
of stars, galaxies
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The evidence for dark matter is strong from astrophysics measurements:

For example: SPIRAL GALAXIES WOULD FLY APART IF THEY ARE
COMPOSED OF ONLY THE GLOWING MATTER

DISTRIBUTION OF DARK MATTER IN NGC 3198 DARK
MATTER:
NGC 3198 Weakly
Interacting
Massive
Particles
(WIMPS)

GLOWING
MATTER

Radius

20 30
Radius (kpe)

= HOWEVER, WE DO NOT KNOW WHAT THE “WIMPS” ARE. THEY MUST BE
STABLE ENOUGH TO SURVIVE 13 BILLION YEARS AND COULD BE SO MASSIVE
THAT THE HIGHEST ENERGY ACCELERATORS HAVE NOT PRODUCED THEM YET.

= WE WILL LOOK FOR THEM STRIKING OUR DETECTORS PRODUCING LIGHT.
SN




Dark Matter
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Dark Matter Detectors based on Liquid Argon

strike Argon Nuclei making them recoil and emit light in

from local surroundings causes ionization of
the argon and light emission over .

These are easily distinguished by digitizing the pulses.

penetrate through the rock above and

DEAP- 3600
SNOLAB

Darkside-50 and Future Darkside 20k
Gran Sasso

DS-50 Top Array PMT light

Two-Phase LAr Dark Matter Detectors
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- 68 institutes

- 350 researchers

- Strong assistance from CERN

- 13 nations:

Brazil, Canada, China, France,
Greece, Italy, Mexico, Poland,
Romania, Spain, Switzerland, UK, USA

Towards global argon collaboration:
DarkSide, DEAP, miniCLEAN, ArDM > 350 researchers
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Sequence of experiments:

« DarkSide 20K: 20 tonnes .
« Argo: 300 tonnes to reach Directors

DEAP: 3 tonnes

the “Neutrino Floor”

ASTROCENT

Letter of support from Gran Sasso,
SNOLAB, CanFranc Laboratory




IMPROVEMENTS IN TECHNOLOGY FROM THESE EXPERIMENTS

 Neutrino and Dark Matter experiments, like all particle physics
experiments are continually developing new technologies.

« Light detection devices such as photomultipliers and now
Silicon photomultipliers are essential parts of radiation
detection for nuclear medicine.

« Silicon photomultipliers, together with liquid Xenon and Argon
gamma ray detectors can lead to significant improvements in
Positron Emission Tomography (PET) scanners — better
resolution, lowering of the required dosage. (Patent Submitted)




DEAP 3300 kg Ar,
SNOLAB MiniCLEAN 500 kg Ar: Dark [N WSITHIEEN New large scale

Matter project.

2 km Underground.
Ultra Low Cosmic Ray
Background

DAMIC:Dark Matter
Now: PICO-60, PICO-40:
Dark Matter

SNO+: Double Beta,
solar,geoneutrinos

Low Background
counting facility W

SNO Personnel
facilities

All Lab Air: Class <2000

Cavern



SNOLAB
Experimental Area

Stephen Hawking
and fans observing
the CRYOPIT area in
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Gravitational Waves

LIGO - A GIGANTIC INTERFEROMETER

GRAVITATIONAL WAVE BLACK HOLE SPACETIME

MIRROR . 1 7 / | . _ The light MIRROR
waves bounce
and return:

A “beam splitter” splits the
light and sends out two
identical beams along the

4 km long arms.

A gravitational wave affects the
> 4 interferometer’s arms differently;
Laser light is sent into Ty, when one extends the other contracts
the instrument to Ny, as they are passed by the peaks and
measure changes in o troughs of the gravitational waves.
the length of the two 2
GlURLLEE Y. Normally, the light returns unchang-
/ ed to the beam splitter from both
arms and the light waves cancel
each other out.

LIGHT WAVES
» XX% CANCEL EACH
OTHER OUT

BEAM SPLITTER  LIGHT DETECTOR

If the arms are disturbed by a
gravitational wave, the light waves
will have travelled different distan-

ces. Light then escapes through the  geam SPLITTER  LIGHT DETECTOR
splitter and hits the detector.

LIGHT WAVES HIT
THE LIGHT DETECTOR

Illustration: ©Johan Jarnestad/The Royal Swedish Academy of Sciences




GRAVITATIONAL WAVES FROM
COLLIDING BLACK HOLES

BLACK HOLES . . . . . 9
62

29 36

SOLAR MASSES SOLAR MASSES SOLAR MASSES

HANFORD LIGO

COSMIC CHIRPS

Energy equivalent to
three solar masses was
emitted over a few

Illustration: ©Johan Jarnestad/The Royal Swedish Academy of Sciences tenths of a second.
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Gravitational Wave projects at AstroCeNT

* VIRGO

* Einstein Telescope

An entirely new opportunity
for Astronomical
measurements, Just opening
up for the future:
Multi-Messenger Astronomy

20



ASTRO CENT has a Bright future ahead.

We are looking forward to very fruitful collaborations with:

The Global Argon Dark Matter Collaboration

B INFN LABORATORI NAZIONALI DEL GRAN SASSO

I. s c LABORATORIO SUBTERRANEO DE CANFRANC
CANFRANC UNDERGROUND ASTROPARTICLE LABORATORY

21
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