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The study of physics leads to many practical applications,
but basic research also (and this is its goal) gives a better
understanding of the world. This understanding can be
unintuitive and inaccessible, but the very ideas that are
uninfuitive are the beauty of the field and are its most
important contribution to society. These ideas are completely
new, Examples are relativity and equivalence of mass and
energy, the uncertainty principle, quantum mechanics,
antiparticles and annihilation and spontaneous creation out of
energy, forces being the same (or not) if seen in a mirror, that
electricity and magnetism are part of the same force, that
forces are transmitted by the exchange of special particles.
These are all part of the g-2 story, along with a few other non-
intuitive ways of thinking that aren't as well "known" as those
above--that of the weak force, which leads to our universe
having a majority of matter and not an equal amount of anti-
matter (which leads to our existence), is linked with the
electric/magnetic force; and that a particle can be a "point"
and still spin and generate a magnetic field. Spin leads to the
exclusion principle and that electrons stack up in "orbits" in

atoms--chemistry and the world that we are familiar with.



Forces ----> Fields

Strong: nuclear force ---holds nucleus together ---10""% ¢m

Quarks, Gluons

Electric/Magnetic: atomic force ---chemistry ---infinite range

Electrically charged particles, Light

Weak: quark families ---radioactive decay --<<10™"* c¢m

Quarks ---> quarks, electrons, muons, neutrinos, W, Z

Gravity: space-time ---astronomy ---infinite range

Mass, gravity waves

Forces are carried by Figlds.
How does the moon know that the earth is there?

How do you know when you are about to get a shock from
your car door? '

How does a refrigerator magnet know it is approaching the
refrigerator?

Does it matter whether there is a vacuum in between?



The muon g-2 experiment probes these fields with great
precision.

Our theory ;Jf these forces (the Standard Model of Particle
Physics) predicts g-2 with great precision.

We can test our understanding of the forces in our world
with great sensitivity.
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History Leading to Muon (g-2) Experiment at BNL

(A measurement of the magnetism associated with the muon)
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Year of

Discovery Year Nobel Prize
Electron by J.J. Thompson 1899 1906
Theory of electron spin

W. Pauli late 1920’s 1945

P.A.M. Dirac late 1920’s 1933
Discovery of muon

Powell 1947 1950
Quantum theory of electricity

Feynman, Schwinger, Tommaga  late 1940’s 1965
Shift of electron energy underpins |

Feynman theory--Lamb 1947 1955
First electron of g-2 experiment--
electron obeys Feynman theory

Crane et al. 1953

First muon (g-2) experiment--
the muon is like an electron,
but 200 times heavier

1961




History Leading to Muon (g-2) Experiment at BNL
“ Year of

Discovery Year Nobel Prize
Electron and muons are in
different families of particles

Lederman, Schwartz, Steinberger 1962 1988
Unified theory of electricity and
radioactive decays

Weirberg, Glashow, Salam 1970’s 1979
Discovery of ¢—quark--
quarks have families

Ting, Richter 1975 1976
3rd Muon g-2 experiment at CERN 1979
Electron g-2 to 1 part/billion

Dehmelt 1981 1989
Discovery of W and Z particles
which carry the weak force

Rubbia and Van de Meer 1983 1984
New AGS experiment to measure the
contribution of W,Z to muon
magnetism 1988-1995

(29
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How do we do this?

---Need many muons spinning in same direction
---Send muons into a uniform magnetic field
---Measure magnetic field (B) very precisely

---Measure advance of the spin of the muons (o)

Then (g-2))2=w/B
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Polarimeter

high energy positrons from muon

decay
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Nuomber of Positrons

Decay e” spectrum at the TROUGH of g-2 oscillation

200

Energy (GeV)



Nomber of Positrons

Decay e” spectrum at the PEAK of g-2 oscillation

9 -

35
Energy (GeV)
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CERN u* ¢10.3 -
CERN 1 © 9.4
BNL97 u* 12.9
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