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Fermilab: High energy particle
physics research

What is the universe made of?

How do the pieces behave?
How do the pieces interact?
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Where do new particles come from?

E = mc?
m = E/c?
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Fermilab Accelerator Complex
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Fermilab Accelerator Complex
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What is a Magnet?
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How to make an electromagnet
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Basic uses of magnetic fields

 Measure particles
X[ r‘ts selmagnets to analy nts
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e Muons —

Muon A xperiment|will use ggmagnet t§
measie the mafenc moment of’mu&ns by
observing the precession of the muon spin
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A charged particle moving in a
magnetic field feels a force

The force Is sideways
= The particle bends in a circle
e Strong magnetic field, small circle

 High momentum particle, big circle
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Bubble chamber tracks
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Collider detector tracks (CMS)

{/\\/ CMS Experiment at the LHC, CERN

Data recorded: 2009-Dec-16 03:05:08.131031 G 5 Ll_EGE-_Tl'ipI»i-JeH;'
Run: 124275 L1_MinBias_HTT10
Event: 774693 3 L1_ZermcBigs
Lumi sectiohy 3

Orbit: 2735736

Crossing: 51

99.9999964%
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Cyclotron
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Synchrotron

String together
many long _
skinny magnets =%/
in a big ring.
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Main
Injector
dipole
magnet
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Magnets in Main Injector
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Focusing magnets

 Beam tends to spread out
* Must constantly focus the beam
e Special magnets do the job
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Focusing magnet
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Muon g-2 experiment

Magnetic moment of the muon

¢ J'/b

e -3

S

h=-g

Zmn

 The simplest quantum
mechanical theory calculates the
value of g=2

e The first correction is about 0.1%

e So we talk about measuring the
difference between g and 2

» (-2
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Need a magnet to hold the muons and to cause
them to precess
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The Blg Move
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Magnet Research & Development

Figuring out how to build stronger
superconducting magnets

« Bend higher energy beams
o« Sgueeze beams smaller
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More to do at Fermilab

« www.fnal.gov
 Lederman Science Center
« Buffalo, prairie viewing

« Bicycling, walking

« Concerts, dancing

e Lectures, seminars

e Educational programs

Come back soon
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