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Why a physics talk

Graduate students at the CMS experiment at CERN

(source: CMS experiment, 2012)
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Why a physics talk

Physicists Find Elusive Particle Seen as Key to Universe

' discover ed

6 Particle
God Isthe . Ehe holy grail of physics
18gs
tog' 0
ol Star Tpop ranShe first stepy
NEWS o 0Tt

fees hOt

Higgs boson find could make light-speed
travel possible, scientists say
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NO equations!
NO quiz at the end!
Cute stuffed things.

Download at:
http://www.CFBtranslations.com/ATA.pdf
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Disclaimer 1

I

SAY GOD'PARTICLE

,I.

ONE MORE
GODDAMN TIME
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Disclaimer 1

)|

IF THE
UNIVERSE
T
ANSWER
WHAT IS TH:

Lederman, L. M., & Teresi, D. (1993).

The God Particle: If the Universe Is the Answer,
What Is the Question?

Boston: Houghton Mifflin.
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@: Disclaimer 2

Some terminology!

Theory:

a well-substantiated explanation of some aspect of the
natural world, based on a body of facts that have been
repeatedly confirmed through observation and experiment.

(National Academy of Sciences, 1999)

Model:

a system of postulates, data, and inferences presented as a
mathematical description of an entity or state of affairs.

(http://www.merriam-webster.com/)
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*Our current state of knowledge

* From atoms to quarks

* The universe
*Dark matter
*The Standard Model of elementary particles
*Fields
*The Higgs
*What’s next?
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tructure within
the Atom

Quark

Size <107'9m

Nucleus o

Size =~ 10~ m
TR

Size ~ 107 '%m
Size ~107'%m
If the proton and neutrons in this picture were
10 cm across, then the quarks and electrons

would be less than 0.1 mm in size and the
entire atom would be about 10 km across

Contemporary Physics Education Project,

http://www.cpepphysics.org/
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Current Knowledge-The Universe

The current composition of the universe:

Atoms
4.6%

Dark
Energy

72%
Dark

Matter
23%

TODAY

NASA/WMAP Science Team. (2008, March).
Retrieved from http://map.gsfc.nasa.gov/media/080998/index.html
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Dark Energy

What is Dark Energy?
NRReE kB@Yands.

According to Einstein’s Theory of General Relativity, after plugging in
all the numbers, the expansion is slowing down.

According to astronomical observations, the expansion is accelerating.

Einstein’s General Relativity has been proven to be correct in all other
known cases—those of you who drove here with a GPS in your car can
confirm this.

Houston, we have a problem!

Actually, Einstein himself solved the problem long ago by introducing
an additional term into his equation , the “cosmological constant,”
AKA “Dark Energy.”
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Dark Matter

What is Dark Matter?

NObOC DARK MATTER is the name

given to material in the Universe

that does not ennt or reflect ll_ghl
but s necessary to ('\]ll.llll
observed gravitational effects in
galaxies and stars. Dark matter,
along with dark energy, totals
96% of the Universe, yet it
remains a mystery as to what

8 exactly it /s

Aerylic felt, wool felt, and
Sleece with gravel fill for
maximum mass.

Yackaged in a black opague bag
destgned for concealing contents,

0000000000000 $10.49 s

LIGHT HEAVY

DARK MATTER

SPARTICIJEZ 0 http://www.particlezoo.net
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Pink: hot gas (x-rays)
Orange/white:
galaxies

(Magellan, Hubble)

Blue: dark matter
(gravitational lensing)

Credit: X-ray: NASA/CXC/CfA/M.Markevitch et al.;
Optical: NASA/STScl; Magellan/U.Arizona/D.Clowe et al.;
Lensing Map: NASA/STScl; ESO WFI; Magellan/U.Arizona/D.Clowe et al.
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Dark Matter-What we know

Summary on dark matter:

|t has mass — it interacts gravitationally

|t behaves like particles

*We can’t see it — no electromagnetic interactions (light)
|t doesn’t seem to interact strongly with normal matter
|t may perhaps interact weakly

It is very hard to produce “in the [ab” (in colliders)

Sounds like material for a sci-fi movie — the “mirror
universe.” But actually, there is a known particle that has
similar properties, with the exception of the last item
above.
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The Standard Model

tructure within
the Atom

Quark

Size <107'9m

Nucleus U Electron
Size ~ 10-14 Size <107'"°m
1ze m\

Size ~ 10~ 1%y

If the proton and neutrons in this picture were
10 cm across, then the quarks and electrons
would be less than 0.1 mm in size and the
entire atom would be about 10 km across

Contemporary Physics Education Project,

http://www.cpepphysics.org/

C. F. Berger, CFB Scientific Translations — The “God Particle,” Dark Matter, Black Holes, and All That 16



The Standard Model

Three generations

of matter (fermions)
I I Il

1.27 GeV/c* 171.2 GeV/c*

t
%

mass —| 2.4 MeVjc*

charge —| 24 24

spin - 34 U V2
up

name — charm

Fermilab, Office of Science,

4.8 Mevjc® 104 MeVfc 4.2 Gevjc®
.bd s |ib
—;EG Y Y Y
> down strange bottom
o
<2.2 eV/c? <15.5 MeV/c?
AY AY,
w ¥ e v VT
electron fau
neutrino neutrino neutrino )
=
?
0.511 Mev/c® || [105.7 Mevic® B | 1.777 Gevjc®
g g s E United States Department of Energy,
g -1 -1 -1 W Particle Data Group. (2006, June 27).
O ¥ e Ya %‘J Standard model of elementary particles.
% electron muon fau ©
— O
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The Standard Model

4 Forces, mediated by:
*Photon — electromagnetism

*Gluon — strong force (binds
qguarks together into protons
neutrons)

*W, Z bosons — weak force -
(e.g. radioactive decay)
*Graviton? — gravity? -
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Fermilab, Office of Science,

United States Department of Energy,
Particle Data Group. (2006, June 27).
Standard model of elementary particles.

Gauge bosons



mass —
charge —

spin —

name —

Quarks

Leptons

The Standard Model

e Up and down quarks
ve make up protons and
up

neutrons in the

4:;|ewc’ atomic nucleus, which
- is surrounded by an

electron cloud.

But what is a
neutrino?

electron
neutrino

Fermilab, Office of Science,

0.511 MeVjc* United States Department of Energy,
-1 Particle Data Group. (2006, June 27).
14 e Standard model of elementary particles.

electron
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The Standard Model

Linguistic side note:

- Three quarks for Muster Mark!
Sure he hasn’t got much of a bark
And sure any he has it’s all beside the mark.

James Joyce (1939). Finnegans Wake. London: Faber and Faber.
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@; The Standard Model-Neutrinos

What is a neutrino?

|t has an extremely tiny mass

|t is an elementary particle

*We can’t see it — no electromagnetic interactions (light)
|t doesn’t interact via the strong interaction

|t only interacts via the weak interaction

Sound familiar?
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@: The Standard Model-Neutrinos

What is a neutrino?

|t has an extremely tiny mass

|t is an elementary particle

*We can’t see it — no electromagnetic interactions (light)
|t doesn’t interact via the strong interaction

|t only interacts via the weak interaction

*We can produce it in the lab. In fact, it is produced in
radioactive decays and in cosmic rays. Every second more
than 100,000,000,000,000 neutrinos (100 trillion) pass
through your body!

No worries — since neutrinos interact so weakly, only about
1 interacts with a cell in your body in your lifetime!

C. F. Berger, CFB Scientific Translations — The “God Particle,” Dark Matter, Black Holes, and All That 22



The Standard Model

Three generations
of matter (fermions)
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Electromagnetic waves? Or photon-particles?
Neither.

Modern physics describes all particles and their
interactions in terms of fields.

What is a field?

Definition: a field is a physical quantity associated with
each and every point in space and time.
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@: Fields—An Example

Population density map of the US, year 2000 — this is a 2-dimensional

flEld | National Atlas of the United States, 2003. Retrieved from http://nationalatlas.gov
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Fields—Another Example

Hypothetical general population density of bigfoot-creatures in the US

Darker shades denote a higher number of purported Bigfoot-sightings, i.e. a
h|gher pOpU|atI0n denSIty Retrieved from Wikimedia Commons: http://en.wikipedia.org/wiki/File:Bigfoot_Sightings_in_USA.png
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Hypothetical population density of bigfoot-creatures named Lucy in

the US, date ca. 2007. Red indicates a value of 1 for the population density,
white indicates 0. The arrow is inserted for better readability.
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Fields—The Higgs

What is the Higgs? (AKA Anderson-Brout-Englert-Guralnik-
Hagen-Higgs-Kibble-mechanism)

And what does it have to do with fields?

The HIGGS BOSON is
the theoretical particle of
the Higgs mechanism,
which physicists believe
will reveal how all
matter in the universe
gets its mass. Many
scientists hope that the
Large Hadron
Collider in Geneva,
Switzerland, which
collides particles at
99.99% the speed of
light, will detect

‘ the elusive Higgs
@ Boson
$ 1 0 . 49 PLUS SHIPPING

0000000000000 Wool felt, fleece with gravel fill

LIGHT HEAVY : /('; r maxrimum mass.

http://www.particlezoo.net
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Fields—The Higgs

The Anderson-Brout-Englert-Guralnik-Hagen-Higgs-Kibble-
field has a nonzero value throughout the entire universe,
filling the vacuum.

Particles move through this field like through some sort of
space-time-filling jello and acquire a mass by interacting
with the Higgs field. The Higgs field interacts with itself,
thereby giving the Higgs particle a mass.

These masses can be (and have been) calculated and very
precisely measured.

The Higgs particle was the last missing piece of the puzzle,
whose existence has finally been confirmed this year.
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Images © The Exploratorium, www.exploratorium.edu , http://www.123rf.com/photo_15731857_3d-cartoon-bigfoot.html,
http://www.123rf.com/photo_15731874_3d-cartoon-white-monster.html
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Images © The Exploratorium, www.exploratorium.edu , http://www.123rf.com/photo_15731857_3d-cartoon-bigfoot.html,
http://www.123rf.com/photo_15731874_3d-cartoon-white-monster.html
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Images © The Exploratorium, www.exploratorium.edu, http://www.123rf.com/photo_15731857_3d-cartoon-bigfoot.html,
http://www.123rf.com/photo_15731874_3d-cartoon-white-monster.html
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The Search for the Higgs

* Most complex experiment ever built
*17 miles circumference

* World’s and possibly universe’s
largest and coldest fridge with
96 tons of liquid helium

*Beams travel at 99.9999991% the
speed of light, circle around the ring
11,245 times per second

* 600 million collisions per second

* Data could fill 100,000 dual layer
DVDs every year
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The Search for the Higgs

http://www.123rf.com/photo_10619421_explosion.html
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The Search for the Higgs

@ATLAS

EXPERIMENT
http://atlas.ch

LOTH 203602
Event: 82614366
Date: 2012-05-18
Time: 29:28:11 CEST

C. F. Berger, CFB Scientific Translations — The “God Particle,” Dark Matter, Black Holes, and All That




The Search for the Higgs

p+tp2>H>7Z+7Z
/l—>et+e Z—oet+e
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Run
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The Search for the Higgs

CMS and ATLAS (CERN) discovery plots, July 4, 2012
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Black Holes?

For more info visit

http://www.hasthelargehadroncolliderdestroyedtheworldyet.com/
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e Black Holes?

stroyedthewordyet.com
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Summary and Outlook .

After searching for over 30 years, the final piece of the
Standard Model of elementary particles has (almost) been
confirmed.

So, what’s next?

There are many theoretical ideas and theories concerning
the nature of dark matter and how everything ties
together, and many of these ideas have led to concrete
predictions of what else the LHC should find. The Higgs is
just a successful first step.

Some of these theories have been partially ruled out
already due to the absence of any new particles at the LHC
—so far! But there are plenty of viable options left.

Stay tuned!
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* http://www.quantumdiaries.org/ — A collection of blog posts by
physicists working on the LHC. The posts range from introductory to quite
technical, and not all of them are written in English, but in the scientists’
native languages instead.

* http://www.particleadventure.org/ — An award-winning online
exposeé on particle physics by the Particle Data Group at LBNL.

* Tim Tait, Why Look for the Higgs?

http://www.youtube.com/watch?v=sqrwtQcrNBI—Semi-

technical lecture given at the SLAC National Accelerator Laboratory, June
18, 2012.

* http://www.arxiv.org and http://inspirehep.net/ — Daily updated
FREE online repositories of particle physics publications, before peer
review, but most of the papers there are (nearly) identical to their journal
versions
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http://www.CFBtranslations.com/ATA.pdf

See also the proceedings for complementary information.
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