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What'’s out there?

———

A meteor streak from the 2015 Persied meteor shower. Photo credit: NASA/Bill Ingalls
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Image: James Webb
Space Telescope

Aug 1, 2025

Hubble Deep Field
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Ground-based observatoriese

Hubble Deep Field

https://esahubble.org/images/heic1103e/
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James Webb Space Telescope

Observatories today are

extraordinary

Vera C. Rubin Observatory, Chile LIGO gravitational wave detector, USA
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The changing sky
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The changing sky

Vera C. Rubin Observatory
Legacy Survey of Space and Time
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The changing sky

June 23, 2025: first images

~Dec, 2025: science operations start

The entire sky (15TB of data), every night

Vera C. Rubin Observatory
Legacy Survey of Space and Time

Pirsa: 25090050 Page 11/53



Beyond light: gravity

Gravitational waves:
How to “see” black holes merge

LIGO gravitational wave detector, USA
https://www.ligo.caltech.edu
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Volume surveyed via gravitational waves

First large-scale
detectors were
built in 1999

www.ligo.caltech.edu
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Volume surveyed via gravitational waves

Wall

1999

£

Sept 14, 2015: First detection!

www.ligo.caltech.edu
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Volume surveyed via gravitational waves

1999

2015: First detection!

Today
218 detections as of August 26, 2025

www.ligo.caltech.edu
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Four facts about the universe

1. The universe is not in a steady state
2. Everywhere is nearly smooth, but not quite
3. The expansion of the universe is accelerating

4. Most matter is something new
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The universe is not in a steady state

Nicole R. Fuller, NSF

This Not this
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The universe is not in a steady state

The universe is filled with a
nearly uniform bath of light
that is not star light

1965 Discovery

1989-1993
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Everywhere nearly smooth, but not quite

1965 Discovery

Planck

Ground-based

1989-1993 2001-2010 2009-2013
telescopes today
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The expansion of the universe is accelerating

Image: NASA/Goddard

2011
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Most matter is something new

* Of the stuff that acts like
matter, ~85% emits no
light
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Four facts...
Four enduring puzzles

1.The universe is not in a steady state
Why? How did it get started? What is the fate of the universe?
2.Everywhere is nearly smooth, but not quite
Why? Where did the bumpiness come from?
3.The expansion of the universe is accelerating
Why? Why this much?
4.Most matter is something new
What is it?
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What kind of answers do we want to these
questions?

Traditionally: What is the particle identity of this stuff?
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Where the traditional approach works best

4. Most matter is something new

MACS J0416.1-2403

Visible light + hot gas (pink) + all matter (blue)
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Particle identity?

@ Encyclopsadia Britannica, Inc.
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Physicists have had lots of success at this kind of
thing before

Everything in this picture is
made of just a few
particles, four forces

3PARTICLEZ 0

Subatomic Particle Plush TD}'S FROMTHE STANDARD MODEL OF PHYSICS

What particles? What forces?

ANTIPARTICLES MESONS CHARM, STRANGE,
Duae to explode 09 | Ashew of famil BOTT 0

2 by comsinn with g
J o the veene "_;)nmwnlil,rpimh.l,lll!h vho, aml era. ~_::“) The veeds miare quarks.
sometine sen,
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We’ve been trying to build on that success for
decades

1.The universe is not in a steady state
Why? How did it get started? What is the fate of the universe?

2.Everywhere is nearly smooth, but not quite
Why? Where did the bumpiness come from?

3.The expansion of the universe is accelerating:
Why? Why this much?

4.Most matter is something new
What is it?
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We’ve been trying to build on that success for
decades

1.The universe is not in a steady state Trad |t|0nal Iy

Why? How did it get started? What is the fate of the universe?
2.Everywhere is nearly smooth, but not quite ' .

Why? Where did the bumpiness come from? IS there a parthIe to explaln eaCh
3.The expansion of the universe is accelerating: Of these?

Why? Why this much?

Mos matter 1 something new Is there a framework for all those
particles together?
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The standard approach?

Built on a kind of remarkable feature of nature
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The standard approach?

Built on a kind of remarkable feature of nature

It’s possible to find simple building blocks, with simple
interactions, that make up a complex system:

éPRTICLEZ 0

Subatomic Particle Plus! hTy

But how can we find this?

Sometimes: just a few of them can be treated as an isolated system
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For example:
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Drop stuff

wikipedia
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Roll stuff

MIT OpenCourseWare

Smash stuff together

gettyimages.com

Page 31/53



More sophisticated smashing

f
E

TeV Proton Proton
colliding beams

Bunch Crossing

;:,, i Proton Collisions
wJ
Parton Collisions w
®» g |
New Particle Production LoD e—r 2pfer
(Higgs, SUSY, ....) ¥ o

Selection of 1 event in 10,000.000.000.000

CERN, Large Hadron Collider
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Result: Simple, and “reductionist”

Specify some components with distinct identities
Bring them together to interact in some way
Explain everything
And uncover hidden particles?

Or, to model those inhomogeneities

£=~3(09) - 5(00)* = 5mPa® ~ V(o) + oo

© @
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