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quarks

number of protons determines
the chemical element
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evidence

burning atoms in the Sun produces neutrinos
trillions through our body every second
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The Origin of Solar Energy

in pitch darkness
| km underground
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planets

® more than 2000

candidate extrasolar kevlzy  Sizes of Planet Candidates u&\sij' \
. BIEEXBOER As of January 7, 2013
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+21%

Super Earth-size -
(1.25 -2 Ry)
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helium

carbon
nitrogen
oxygen
Iron
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Key: W, Z bosons \/\, photon
q quark (%) meson ? galaxy
g gluon :I.% o baryon i
€ electron o o, * star
UWmuon Ttau

: C@D e black
V neutrino P

atoms built in Big Bang
H:He ~ 3:1 in mass
agrees well with observation!
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many accelerators
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?ATLAS

EXPERIMENT
http://atlas.ch

2012.7.4
discovery of Higgs boson a
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conceived back in 1984




Muon Detectors Tile Calorimeter Liquid Argon Ca

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

ATLAS detector
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collision of protons
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ATLAS experiment

look for tens of cases out of a quadrillion collisions
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T peter Higgs blessing
leader of the ATLAS group

Fabiola Gianotti
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IF THE :
UNIVERSE

IS THE
ANSWER,
WHAT IS THE
QUESTION?
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Goddamn particle!




Universe is filled with Higgs

NV
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® Higgs bosons fill up space

® slows down every elementary
particles from speed of light

® otherwise no atoms, no us!

® without it we evaporate in a
nanosecond

® created order in the Universe
® our existence relies on it
® What is it exactly??
we got only started with this question
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Jerse got coole B e

4 quadrillion degrees

disorder = order



just like the air

ancient people didn’t know
that we live in the air

flow = wind makes us
notice something is there
but can’t make the Higgs
bosons flow because they
are frozen rigidly

the only way: strike it hard
to take one out




electrons
nuclei
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VeVl elementary partlcles spin forever
electrons, photons, quarks, ..

only Higgs boson doesn’t spin

faceless!

| had proposed “Higgsless theories”
spooky particle

does it have siblings? relatives!?

maybe composite!

why did it freeze in? EsessesssiinZBR s R
/ I O

F's




maybe Higgs boson
Spins in extra
dimensions of space!?
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elementary particles

well-defined energy,
angular momentum | HC

uses its full energy

can produce particles
democratically

can capture nearly full
information
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ultiple VWavebands
in Astronomy
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Optical (NASA/STScl/B.Whitemore)

X-Ray (NASA/CXC/SAOQI/G.Fabbiano et al.)

Infrared (ESANISOIL.Vigroux et al.) Radio (NRAOMLA)  : .-
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Telescopes vs
Accelerators

aim need telescopes | accelerators
robe deeper better better higher ener
P P resolution | mirrors, CCD 5 &)
larger more
. better S
better image telescopes, powerful
exposure ;
more time beams
. visible, radio, rotons,
full multiple , P
. infrared, UV, electrons,
understanding probes .
X-ray,gamma | neutrinos




LHC vs ILC

(oversimplified)

total energy

|4TeV

usable energy

a fraction full

beam proton (composite) | electron (point-like)
signal rate high low
noise rate very high low
analysis easy to spot particles | nearly all particles
events lose info along the beams | capture the whole
status being upgraded finished design




Lyn Evans
the man who

built the LHC
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Key: W, Z bosons \/\, photon
g quark () meson 7‘ galaxy

g gluon )@ ® baryon . o
€ electron o jon *
ILmuon Ttau

black (
V neutrino C@) atom , hole | Particle Data Group, LBNL, © 2008. Supported by DOE and NSF el
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