Shadows and Light in the Universe

UC Davis dept. of Physics
Public Talk at Manetti Shrem Museum
December 1, 2016
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https://www.nasa.gov/mission_pages/chandra/multimedia/spiral-galaxy-m101.html
https://www.nasa.gov/mission_pages/chandra/multimedia/spiral-galaxy-m101.html
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Physicist Robert
Wilson
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(Cornell Arts & Architecture Colloquium 1979)

Physicist Robert
Wilson
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(Cornell Arts & Architecture Colloquium 1979)

The Fermilab
architects did not
know what they
were doing so | had
to step in!

£l i

Physicist Robert Fermilab (Batavia IL)
Wilson
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If it helps them create
such a powerful
experience, they can ask
guestions like “what is

art?” as much as they like,
as far as | am concerned!
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O U T O U R WAY Soon after its founding in 1958, the Departrnent of Art at I1sp|'ec! by cc\lleagues from across the university, our first
UC Davis achieved intemational acclaim, and its first genemation oD ag- Rt

“We had continual challenges, knocking us off our feet, making us
mad and instigating the whole prooess of creative gE'rnlnaT.u:un

faculty became known as a wildly imsentive cormmunity of artisg
The twelvwe artists recruited by founding chair Richard L. Melson
fostered a complex creative commuinity rife with jocular exchange _
as well as competitive jockeying. work made at Davis L‘unng this formative pericd, their remarkably
open flow of ideas becomes apparent again.

In this gallery a singular work by each artist represents the
power of their collective achieverment. As you progress through Because they were unafraid to pursue their own vision, our artists
5 wene onoe condermnned for sharing "a defiant provincialisrn.” Mow
wihen the artists were exploring new directi@os, taking chances, we celebrate their maverick spirit. The audacity of their ideas
f;ﬂ{.ff;f;ﬁ';ﬂ:;“" and consistently defying the conwentional wisdom O : and the boldness of their reach have become comre values of the
Randy Roberts, Depay Diecoor Mew York. Projected images from the archive offer gllrnpses of Manetti Shrem Museum. Always pursuing the new and open to

the exhibition you will encounter what we call "pivoialo

P =ca Wilmoo, Assocane: Coranoe
Arictie Hardy, CLranonal Assistant each artist's studic practice and teaching style. challenging ideas, we are a conEmgorary art museum with a

furtuire inspired by our past.

MA Grads, 1967

Top row: Harold Schlotzhauer, Dick Nelson, Bob Morrison, Ralph Johnson, Gary Molitor, Dick Cramer, Roland
Peterson, David Gilhooly. Next row: Ruth Horsting, Robyn Winters, Dan Shapiro, Jeannie Martin, Tio Giambruni,
Manuel Neri. Bottom row: Peter Saul, Robert Bechtle, (bottom row between Robyn and Roy), Roy DeForest

(From the wall text of the current “Out Our Way” exhibit) o
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THE WINSTON KO FRONTIERS OF MATHEMATICAL AND
PHYSICAL SCIENCES PUBLIC LECTURE SERIES

‘May 9, 2016, 5 p.m.

UC Davis Conference Center

Black holes are among the most remarkable objects present
iguingly, they have also proved to be
incredibly fascinating and useful theoretical laboratories

in our universe.

for exploring our deepest questions in fundamental
physics. This talk, aimed at a broad audience, will reveal
the multifaceted nature of black holes by describing our
modern understanding of them as well as some of the
profound mysteries which remain.

Speaker
VERONIKA HUBENY, professor of physics

Is.ucdavis.edu/our-college/mps

(QMAP)

Search



RALPH JOHNSON

“My definition of art is to remain as open as possible. | don’t think there are

any rules. Shouldn’t be.”

(From the wall text of the current “Out Our Way” exhibit)
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“My definition of art is to remain as open as possible. | don’t think there are
any rules. Shouldn’t be.”

PIVOTAL MOMENT

Like ceramics, carpentry was an unconventional choice in the 1960s, and
risked being characterized as mere craft. Johnson embraced this challenge,
and never returned to painting and drawing in the same way again. With a
combination of academic and artistic interest, Johnson labored over nuance
of form and unequivocal craftsmanship, even traveling to Europe to study
joinery at the Victoria and Albert Museum. Working in wood, he balanced
precision and whimsy in lively sculptures that dance between artistic form
and furniture function.

(From the wall text of the current “Out Our Way” exhibit)
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| am studying the
fundamental rules
that govern the
Universe. So much
more solid than
qguestions like “what

”
!

is art

Cornell, c.1976

A. Albrecht @ Manetti Shrem 12/1/16
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Today | feel that dealing with the big
unsolved questions and seeing things in
new ways is the most exciting part of my

UCD 2016

A. Albrecht @ Manetti Sh'®




Today | feel that dealing with the big
unsolved questions and seeing things in
new ways is the most exciting part of my

My work is most

exciting when |

don’t know the
rules.

UCD 2016

A. Albrecht @ Manetti Sh'®




Ralph Johnson

Hello Chair, c. 1967
Enamel on wood
Approx. 35" x 21" x 21"

Private Collection of Clay Johnson

Ralph Johnson

Ralph Johnson with “Family Rguss

What is

a chair?

rranE manetti shrem museum of art

A. Albrecht @ Manetti Shrem 12/1/16

UCDAVIS
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William T. Wiley

William T. Wiley

Untitled, 1965

Ink on aluminum

14 %" x 17 1"

Gift of Fay Nelson

The Fine Arts Collection at UC Davis. 1947.03.20D

What is the

guestion?

A. Albrecht @ Manetti Shrem 12/1/16
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The Keck 10m Telescopes on Mauna Kea,
Hawali

A. Albrecht @ Manetti Shrem 12/1/16




Segments of the Keck 10m Telescope Mirror
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Outline

1. Introduction (The “Golden age
of cosmology”)

2. The Big Picture

3. Some Big ideas

Cosmic Inflation

The String theory landscape

A. Albrecht @ Manetti Shrem 12/1/16
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The APM (Automatic Plate Machine) Survey (1992)
Sky positions of 2,000,000 Galaxies

A. Albrecht @ Manetti Shrem 12/1/16

36




tions

S|

-
PO

3D

u
S;

S

Sky
000 galaxi

o

ital

00

M easier 33
y

he Sloa
f ov

er 1

T
ions o

(locat

'000)

» =
o~ (D

for 1

000

Northern Galactic Cap

Southerr Galactic Cap




Maps of the microwave sky (the “edge of the observable
universe’)

COBRAS/SAMBA

Transfer orbit

1993 Real

Simulated
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Maps of the microwave sky (the “edge of the observable
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Maps of the microwave sky (the “edge of the observable
universe”)

= COBRAS/SAMBA

Transfer orbit

1993 Real

Updated
after WMAP
announcem
ent, Feb
2003

d Sulated



WMAP 3-yr map



WMAP 5-yr map



Maps of the microwave sky (the “edge of the observable
universe”)

= COBRAS/SAMBA

Transfer orbit

1993 Real

*

.
. Updated
y after Planck
announcem
ent, 2013
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Maps of the microwave sky (the “edge of the observable
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Transfer orbit

1993
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Galaxy Cluster Abell 1689

Hubble Space Telescope » Advanced Camera for Surveys

NASA, N. Benitez (JHU), T. Broadhurst (The Hebrew University), H. Ford (JHU), M. Clampin(STScl),

G. Hartig (STScl), G. lllingworth (UCO/Lick Observatory), the ACS .ISb|enc

STScl-PRCO3-01a

rec

F\P(%Snl\wgnEgéi Shrem 12/1/16

Using Hubble’s
“advanced camera
for surveys”
Installed June 2002
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Some Future Plans

l. : 5 "
g s .
' i . . "
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LSST (Large-aperture
Synoptic Survey
Telescope)

57




LSST (Large-
aperture Synoptic
Survey Telescope)




LSST (Large-
aperture Synoptic
Survey Telescope)




.........

LSST (Large-aperture
Synoptic Survey
Telescope)

" (2018 Launch)

A. Albrecht @ Manetti Shrem 12/1/16 = 60
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LSST (Large-aperture
Synoptic Survey
Telescope)

el

B>  James Webb
= 11 Space Telescope
. (2018 Launch)
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FIELD INFRARED SURVEY TELESCOPE

Home About | Science Observatory Resources FAQ

Frequently Asked Questions

WEFIRST

WFIRS survey large areas of the asuring the efiects of dark matter on the distribution in the univ: It will also re distant Type la
supernovae to use them as fracers of darl-. matter and dark energy. It will provide a huge step fDrc.'ard in our understanding of dark matter and dark e

WFIRST is rently in Phase A . The purpose of Phase A is to develop the mission requirements and architecture meet the programmatic requirements and
constraints on the xct and to develop the plan e Preliminary Design phase.

@ preparations are on frac a mid-2 unch.
63




Outline

1. Introduction (The “Golden age
of cosmology”)

2. The Big Picture

3. Some Big ideas

Cosmic Inflation

The String theory landscape
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Outline
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Distances in the Universe

A. Albrecht @ Manetti Shrem 12/1/16
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Measure of distance: One Kilometer = Walk
from the Manetti Shrem to Delta of Venus

A. Albrecht @ Manetti Shrem 12/1/16
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Measure of distance: One Kilometer = Walk
from the Manetti Shrem to Delta of Venus

Count cosmic distances as grains of sand:
One grain of sand per kilometer.

Grain of sand
(enlarged)




Diameter of earth = 12,760 kilometers €=>
1 Teaspoon of sand

Image @ 2006 NASA
Imag }‘lfi

A. Albrecht @ Manetti Shrem 12/1/16 69



Distance to Moon = 356,410 kilometers €=
1 Handful of sand

A. Albrecht @ Manetti Shrem 12/1/16 70



Distance to Moon = 356,410 kilometers €=
1 Handful of sand

(Also roughly the distance light travels in one
second)

A. Albrecht @ Manetti Shrem 12/1/16 71



Distance from Earth to Sun = 149,600,000
kilometers (8 light minutes) €= 1 Milkshake
cup of sand

|

A. Albrecht @ Manetti Shrem 12/1/16 72



Distance from Earth to Pluto = 6,000,000,000
kilometers €= 1 wheelbarrow of sand

A. Albrecht @ Manetti Shrem 12/1/16 73



Distance from Earth to Nearest Star =
40,000,000,000,000 kilometers €=> 1 dumpster of
sand

Alphe Certaari A £ B W
-

Froxime
Cent ar i

A. Albrecht @ Manetti Shrem 12/1/16 74



Distance from Earth to Edge of our galaxy =
1,000,000,000,000,000,000 kilometers €=> 1
Physics/Geology Bulidng full of sand

A. Albrecht @ Manetti Shrem 12/1/16 75



Distance from Earth to Edge of our galaxy =
1,000,000,000,000,000,000 kilometers €=> 1
Physics/Geology Bulidng full of sand
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Average distance between galaxies = 3x10%
kilometers €=> 1 baseball stadium full of sand

L -
L
-

¥

L

A. Albrecht @ Manetti Shrem 12/1/16 77



.. i . . 23
Farthest visible “object” in the universe: 1x10
kilometers €= mountain range of sand

A. Albrecht @ Manetti Shrem 12/1/16 78
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The physics of “absorption
spectra” (shadows affecting
only specific colors of light) is
key to much of the
information we have about
the Universe

What is
light?

What Is
shadow?

Radio Broadcast

band

Cosmic X-rays Microwaves

rays

Infrared Radar
(IR)

NN

The Fraunhoffer Absorption lines for the element Hydrogen

Thanks Prof. Knox!

Gamma Ultraviolet
[EVE] (UV)

YW

Short Wavelenghts Long Wavelengths

Visible Light

Infrared
(IR)

Ultraviolet
(Uv)




1km
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18

13.6

log(d / km)

9.8

5.6/ (8.1

4.1

1km

82

A. Albrecht @ Manetti Shrem 12/1/16



What we know about the big picture

1) On large scales the matter in the Universe is spread
out very smoothly ("Homogeneous")

Mean density: 10~ gram/cm’

2) The Universe is expanding /.
Hubble law: V= Hr

i 3m/sec
100lightyears

A. Albrecht @ Manetti Shrem 12/1/16 83



The homogeneity of the Universe

Isotropy of the microwave
background (from the “edge of the
observable universe”) to one part
iIn 100,000

A. Albrecht @ Manetti Shrem 12/1/16
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The homogeneity P e
of the universe |

Marth

We are her'e 11263 galaxies

Radial

Direction
South

12434 galaxies
30

Gaquy SUPVé'»Vg*‘t@ R : ~ " .



The homogeneity
of the universe

Radial
Direction
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10000 km/s



|
AU, 000 —

The Hubble law
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Hubble Expansion

k

Hot, Dense past

A. Albrecht @ Manetti Shrem 12/1/16
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The Edge of the
Observable
Universe:

As we look back in space
we look back in time. We

see.

Light traveling from far
away = from distant
past

Long ago (about 14 Billion years) the Universe was so
hot and dense it was opaque: The edge of the
observable universe

Here & Now




WMAP map of
the “edge of the
observable
universe” plotted
as a sphere




WMAP map of
the “edge of the
observable
universe” plotted
as a sphere

Note: we are

really on the

inside looking
out
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Acceleration of the universe

SUpermova
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0.1 ),
redshift Z

The Hubble law at great distances depends on the
variations of the Hubble "constant” H with time.

A. Albrecht @ Manetti Shrem 12/1/16
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Acceleration of the universe

SUpermova
Cosmokogy

: does
~ ‘constant”
_ mean?

Hamuy et al
(A 1898)

[ o e e
0.05 0.1

redshift Z

The Hubble law at great distances depends on the
variations of the Hubble "constant” H with time.
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95% of the cosmic matter/energy is a mystery.
It has never been observed even In our best
laboratories

Ordinary Matter
(observed in labs)

2%

Dark Matter

Dark Energy 2504

70%
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Outline

1. Introduction (The “Golden age
of cosmology”)

2. The Big Picture
3. Some Big ideas
e Cosmic Inflation

« The String theory landscape
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Cosmic Inflation

A period of accelerated expansion in the very early
universe

Motivated by particle physics (related to the recently
discovered Higgs particle).

In most models inflation operates when the temperature
was 10% times greater than today!

Conceptually similar in some ways to the acceleration
observed today (interesting relationship between the two)

A. Albrecht @ Manetti Shrem 12/1/16 105
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Cosmic Microwave Background (CMB) map produced by
the Planck satellite (sphere shown using a projection, like
in an atlas)

The map shows minute variations in the temperature (just
1 part in 100,000, or in the 5t decimal place).
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This plot shows one way to quantify the feature in the
CMB map. Roughly, the x-axis labels patch size, and the y-
axis show how strongly the temperature typically varies
among patches of that size.
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Cosmic Inflation

A period of accelerated expansion in the very early
universe

Motivated by particle physics (related to the recently
discovered Higgs particle)

Conceptually similar in some ways to the acceleration
observed today (interesting relationship between the two)

Extraordinarily successful predictions of features in the
observed universe
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Cosmic Inflation

A period of accelerated expansion in the very early
universe

Motivated by particle physics (related to the recently
discovered Higgs particle)

Conceptually similar in some ways to the acceleration
observed today (interesting relationship between the two)

Extraordinarily successful predictions of features in the
observed universe

Very problematic aspects emerge when we attempt to
complete the picture. (The cause of intensive research
and debate among the experts.)
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exists in a “pocket” with eternal inflation all around us).
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May cosmologists believe in “eternal inflation” (our universe
exists in a “pocket” with eternal inflation all around us).
Eternal inflation theory predicts infinitely many pocket
universes, some like ours, some different

But Which

one is really
@@ ours?

This question appears to ez
lead to deep ambiguities

and problems with the \
theory that cause some

to reject the idea of
cosmic inflation
altogether

N



Cosmic Inflation

* A period of accelerated expansion in the very early
universe

e Motivated by particle physics (related to the recently
discovered Higgs particle)

e Conceptually similar in some ways to the a
observed today (interesting relationship A very
exciting

xtraordinarily successful predictions of place to be!

observed universe

* Very problematic aspects emerge when we attempt to
complete the picture. (The cause of intensive research
and debate among the experts.)
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° Multiverse debate, World Science Festival 2013

= A very

exciting
xtraordinarily successful predictions of place to be!

observed universe

opScived LoOddy U

* Very problematic aspects emerge when we attempt to
complete the picture. (The cause of intensive research
and debate among the experts.)
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The String Theory Landscape

 The cosmic acceleration observed today has proven very
difficult to incorporate into our fundamental theories of
physics.
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The String Theory Landscape

 The cosmic acceleration observed today has proven very
difficult to incorporate into our fundamental theories of
physics.

* These difficulties have caused some theorists to embrace
the “string theory landscape”
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The String Theory Landscape

 The cosmic acceleration observed today has proven very
difficult to incorporate into our fundamental theories of
physics.

* These difficulties have caused some theorists to embrace
the “string theory landscape”

* Instead of the physical world around us exhibiting “the
fundamental laws”, according to the STL picture the
universe is made of a landscape of different “worlds”
which with their own laws of physics.

A. Albrecht @ Manetti Shrem 12/1/16 130



Instead of the physical world around us exhibiting “the
fundamental laws”, according to the STL picture the
universe is made of a landscape of different “worlds”

which with their own laws of physics.

A. Albrecht @ Manetti Shrem 12/1/16
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1e String Theo

A radical change from
how we thought we
should be doing physics

° Thew preies
the “string theory lan®

* Instead of the physical world around us exhibiting “the
fundamental laws”, according to the STL picture the
universe is made of a landscape of different “worlds”
which with their own laws of physics.
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Instead of the physical world around us exhibiting “the
fundamental laws”, accordis aa ST| picture the
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