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V.7.3. Anomales magnetisches Moment (g-2)µ

Das gyromagnetische Verhältnis g
verknüpft Spin und magnetisches Moment

Dirac Theorie für punktförmige Spin-1/2 Teilchen:  g = 2 
aber ...

• Proton

• Hyperonen

• Elektron

• Myon

Das anomale magnetische Moment des Myons ist
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a(QED) = 11658471.935  (.143)

Muon anomalous magnetic moment
Coupling to X goes as m

2/mX
2

factor of 40,000 compared to e

a(SM) = a(QED) + a(weak) + a(had) 

BNL E821 data

x 10-10
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0.00116584 0.00116586 0.00116588 0.0011659 0.00116592 0.00116594

+ a(weak) =            15.4__   (.2)

+ a(had1sto) =      696.3__   (7.2)

+ a(had h.o.) =       -10.0__    (.6)

a(QED) = 11658471.935  (.143)

Muon anomalous magnetic moment
Coupling to X goes as m

2/mX
2

factor of 40,000 compared to e

a(SM) = a(QED) + a(weak) + a(had) 

Requires Data

BNL E821 data

x 10-10
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Muon anomalous magnetic moment
Coupling to X goes as m

2/mX
2

factor of 40,000 compared to e

a(SM) = a(QED) + a(weak) + a(had) 

D a = any new physics

BNL E821 data

x 10-10
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Brookhaven provides the pions 
from protons on nickel tgt

Forward-going daughter 
muons are polarized − − 

0

How to Measure a Magnetic Moment
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How to Measure a Magnetic Moment

ws =   1+g (g-2)    eB and wc = eB  

2       mg             mg

wa = ws - wc = (g-2) eB

2     m

wc (Tc = 149 ns)   wa = ws- wc (precesses ~120 per cycle)

Which vanishes at the “magic momentum” of  3.094 GeV/c

(a - ) b x Ee
m

1

g2 -1
Quadrupole E field gives additional term in wa : +
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Kicker

QuadQuad

Quad
Quad

WEAK-FOCUSSING MUON STORAGE RING

B = 1.45 T        P= 3.094 GeV/c Rring = 7.112 m       Rstor = 4.5 cm

24 SciFi Calorimeters
record time and energy 
of decay e+ (or e-)

Calorimeters select high energy e’s

These e’s are preferentially emitted 

in the direction of the  spin

e − e−
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17 calibrated NMR probes inside the 

trolley measure the field every cm
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muon sees the field averaged over azimuth
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0.5 ppm contours are 750 nT 

over an average field of 1.45  Tesla.

Measuring the Magnetic Field
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Blind Analysis

Decay positrons NMR

wa = a e   B p B = h wp

m

a =     R

l - R

where  R = wa / wp is measured by E821

and      l =  / p from muonium hyperfine structure

Offline Team (5 analyses) Magnet Team (2 analyses)

wa wp

• Both w’s and all analyses have computer-generated secret offsets.

• Study stability of R under all conditions

• Finish all studies and assign all uncertainties BEFORE revealing offset.
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Finally, remove offsets to double-blind analysis

a = 116 592 08(6)  10-10 (0.5 ppm)

Final average PHYSICAL REVIEW D 73, 072003 (2006)

Data 

Production

Secret Offsets

Secret Offsets

Magnetic 

Field

Yale

UIUC

UIUC
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Theory prediction: needs precise value of em
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Messung von 
(g-2)e
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result

(g-2)e experiment:

Cf. theory mit −1 =137,035 998 78(91) from Rb clock 

ae
theo = 1159652183.3(7.7) x 10-12

Turn it around:

Assume validity of QED 

Determine  from (g-2)e (and other)

Result 2017 : −1 = 137,035 999 08(02) 
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Vergleich Experiment <-> Theorie für (g-2)µ

Jegerlehner u.a.

~3.0-3.4 s 

Abweichung
vom SM

Mögl. Quellen:

• Zufall

• Experiment

• Theorie

• SUSY??
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K. Hagiwara, A.D. Martin, Daisuke Nomura, T. Teubner 

TIME

James P Miller, Eduardo de Rafael, B Lee Roberts

Rep.Prog.Phys. 70, 795 (2007).

)4.3(  10)930()theor.()expt.(

ppm) 5.0(10)6(11659178)theor.(

ppm) 5.0(10)6(11659208)expt.(

10

10

10

s











−

−

−

=−D

=

=

Theory    +   Exp.
E821 Experimental Results
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2013: transport of ring from BNL to FNAL

…for using more intense

and more pure beam

First beam: 2017
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Update between 2007 and 2020
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Progress 13 years later (2020) before new measurement

https://news.fnal.gov/2020/06/physicists-publish-worldwide-consensus-of-

muon-magnetic-moment-calculation/

aµ (expt)  = 11659209(6) x 10-10 (0.5 ppm)

aµ (theo)  = 11659181(4) x 10-10 (0.4 ppm)

Daµ = (28 ± 8) x 10-10 (3.7 s)

7.4.2021: results from FNAL

https://muon-g-2.fnal.gov/key-contribution-from-brookhaven.html

https://news.fnal.gov/2020/06/physicists-publish-worldwide-consensus-of-muon-magnetic-moment-calculation/
https://muon-g-2.fnal.gov/key-contribution-from-brookhaven.html
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https://news.fnal.gov/2021/04/first-results-from-fermilabs-muon-g-2-

experiment-strengthen-evidence-of-new-physics/

aµ (expt)  = 11659206(4) x 10-10 (0.5 ppm)

aµ (theo)  = 11659181(4) x 10-10 (0.4 ppm)

Daµ = (25 ± 6) x 10-10 (4.2 s)


