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• Higher order contibutions:

QED Hadronic Weak

The anomalous magnetic moment



The anomalous magnetic moment

W. Marciano, J. Phys. G29 (2003) 225



The anomalous magnetic moment

• Contributions to A3 (72 graphs):

• 891 diagrams contribute to A4...



The anomalous magnetic moment

aµ(theo) = aµ(QED)+aµ(had)+aµ(weak) ( + aµ(new physics) ?)

aµ(QED) = 11 658 470.6 (0.3) ×10-10

aµ(had) = 694.9 (8.) ×10-10 (based on e+e-)
aµ(had) = 709.6 (7.) ×10-10 (based on τ)
aµ(weak)= 15.4 (0.3) ×10-10

aµ(SM) = 11 659 181(8)×10-10 (based on e+e-)
aµ(SM) = 11 659 196(7)×10-10 (based on τ)
More recent value: a

µ
= 11 659 179.5 (5.9) ×10-10

de Raphael, Miller, Roberts, Reports on Progress in Physics
S. Eidelman ICHEP conference, July 2006



The Principle of the muon g-2 measurement

Non-relativistic case

Flavour at LHC era, 7 November, 2005

Spin vector

• B

Momentum vector



The Principle of the muon g-2 measurement

Spin Precession in Ring (Top View)
Momentum vector

Spin vector



BNL Muon Storage Ring



BNL Muon Storage Ring
B =1.45T, P(µ) = 3 GeV/c - High Proton Intensity from AGS



Detectors and vacuum chamber



Energy Spectrum of Detected Positrons

Yannis Semertzidis, BNL
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Muon g-2 measurement

4 Billion e+ with E>2GeV



Muon g-2 measurement

• BNL measurement: a
µ

= 0.001 165 920 80 ( 63) - 0.54 ppm
Phys. Rev. D 73, 072003-1 (2006)

• Theory: aµ = 0.001 165 917 95 ( 59) - 0.51 ppm
de Raphael, Miller, Roberts Reports on Progress in Physics

S. Eidelman ICHEP conference, July 2006

• exp - theory = 0.000 000 002 85 ( 86)
2.44 ± 0.74 ppm - 3.3 sigma !

• Test of CPT: compare aµ- and aµ+:

➣ R
µ+ = 0.0037072047 (26)

➣ Rµ- = 0.0037072083 (26)

➣ dR =R
µ- -R

µ+ =(3.6 ± 3.7) · 10-10

( λ=3.18334539(10) - muon-to-proton magnetic moment ratio )a=
R

−R



Muon g-2 measurement

G.B. et al., Phys.Rev.Lett.92:161802,2004, hep-ex/0401008



A Penning trap



A Penning trap

Drawing of a schematic Penning Trap for the storage of charged particles
by the use of a constant electric field (blue), generated by a
quadrupole (a:end caps) and (b:ring electrode) and a superposed
constant and homogeneous magnetic field (red), generated by a
toroidial magnet (c). A particle, indicated in red (here positive) is stored
in between caps of the same polarity. The particle is trapped inside a
vacuum chamber



One electron in a Penning trap

Geonium: bound electron, to external device
• Magnetron motion: ~ 12 kHz
• Axial oscillation: ~200 MHz
• Cyclotron motion: ~ 153 GHz



Cylindrical Penning Trap

G.Gabrielse and F. C. MacKintosh; Int. J. Mass Spec. Ion Proc. 57, 1 (1984)



One Electron in a Magnetic Field

B ~ 6 T

n = 0
n = 1
n = 2
n = 3
n = 4

0.1 µm

2|ψ|2

0.1 µm

|ψ|2

Need low
temperature
T << 7.2 K

hωc = 7.3 K



Electron in Cyclotron Ground State

0.23

0.11

0.03

9 x 10-39

Measurement done at low temperature: ~ 0.07 K
S. Peil and G. Gabrielse, Phys. Rev. Lett. 83, 1287 (1999).

Average number of blackbody
photons in the cavity



Geonium energy levels



Basic Idea of the Fully-Quantum Measurement



Special Relativity Shift the Energy Levels



In reality...

B in Free Space
Perfect Electrostatic
Quadrupole Trap

Imperfect Trap
• tilted B
• harmonic
distortions to V
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The measurement

• Measure lowest cyclotron and spin states/transitions:



The magnetic bottle

• Magnetic bottle field:
➣ Couples the axial frequency omegaZ to the

cyclotron and spin oscillations.
➣ Small measurable shift in omegaZ indicates

a change in cyclotron or spin energy levels
B

One quantum
cyclotron excitation

Spin-flip

 B=B2[z
2−2 z−z]

H=1
2
mz

2z2−B2z
2



Axial resonnance



The One-Particle Self-Excited Oscillator

Measure axial oscillation through
One-Particle Self-Excited
Oscillator

• Digital Signal Processor:
➣ Real time fourier transforms to

measure oscillation
➣ Feedback to endcaps to drive

SEO (adjust gain so oscillation
unchanged)

"Single-Particle Self-excited Oscillator"
B. D'Urso, R. Van Handel, B. Odom, G. Gabrielse, Phys. Rev. Lett. 94, 113002 (2005).



electron (g-2) measurement

• Prepare n=0, m=1/2 -> measure anomaly transition
• Prepare n=0, m=1/2 -> measure cyclotron transition

cyclotron anomaly

n = 0
n = 1
n = 2
n = 3

n = 0
n = 1
n = 2

ms = -1/2
ms = 1/2



Measurement of the magnetic moment

g/2 =1.001 159 652 180 85 (76)
B. Odom, D. Hanneke, B. D’Urso, G. Gabrielse, Phys. Rev. Lett. 97, 030801 (2006).

➣ First improved measurement since 1987
➣ Nearly six times smaller uncertainty
➣ 1.7 standard deviation shift
➣ Likely more accuracy coming
➣ 1000 times smaller uncertainty than muon g



Determination of the Fine Structure Constant

theoretical uncertainties

experimental uncertainty

ae=C1  C2  
2

C3  
3

C4  
4

a = 1
40

e2

ℏc

QED caluculation Weak/strong contribution



Determination of the Fine Structure Constant

α = 137.035 999 710 (96)
G. Gabrielse, D. Hanneke, T. Kinoshita, M. Nio, B. Odom, Phys. Rev. Lett. 97, 030802
(2006).

α = 137.035 999 710 (96)
α = 137.036 000 0 (11)
α = 137.035 998 84 (91)
α = 137.035 998 80 (52)



CPT conservation

• From a previous measurement:
➣ Van Dyck, Schwinberg, Dehemelt, Phys. Rev. Lett. 59, 26 (1987)

• Test of CPT conservation:

ge−.−ge.

gaverage

=0.5±2.1⋅10−12





The Quantum Hall Effect

• The classical Hall Effect

• The Quantum Hall Effect in a 2D-Electron Gas in a MOSFET :



The Quantum Hall Effect

• Landal levels



Click to add title


