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ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ2ʃʦʛʘʰʝʥʢʦ ʀ.ɹ.



ʀʩʪʦʨʠʯʝʩʢʠʡ ʦʙʟʦʨ ʠ ʩʦʚʨʝʤʝʥʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ3



ʇʦʠʩʢʠ ʅʦʚʦʡ ʬʠʟʠʢʠ

ʌʠʟʠʢʠ ʩʯʠʪʘʶʪ, ʯʪʦ, ʩ ʚʳʩʦʢʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, 

ʉʪʘʥʜʘʨʪʥʘʷ ʄʦʜʝʣʴ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʙʦʣʝʝ ʦʙʱʝʡ 

ʪʝʦʨʠʠ, ʠ ʯʪʦ çʅʦʚʘʷ ʬʠʟʠʢʘè (ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʝ 

ʦʧʠʩʳʚʘʝʤʳʝ ʉʄ), ʜʦʣʞʥʳ ʧʨʦʷʚʠʪʴʩʷ ʧʨʠ ʵʥʝʨʛʠʷʭ, 

ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ ʇʣʘʥʢʦʚʩʢʠʭ.

ʇʦʠʩʢʠ ʅʦʚʦʡ ʬʠʟʠʢʠ ʚ ʣʘʙʦʨʘʪʦʨʠʷʭ:

Åʇʨʷʤʳʝ:ʠʱʝʤ ʥʦʚʳʝ ʯʘʩʪʠʮʳ ʥʘ ɹʦʣʴʰʦʤ ʘʜʨʦʥʥʦʤ

ʢʦʣʣʘʡʜʝʨʝ

Åʂʦʩʚʝʥʥʳʝ: ʠʱʝʤ ʧʨʦʷʚʣʝʥʠʷ ʅʦʚʦʡ ʬʠʟʠʢʠ ʚ 

ʢʚʘʥʪʦʚʳʭ ʧʝʪʣʷʭ Ÿ (g-2) ʤʶʦʥʘ

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ4



ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ5

ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʦʤ ʩʠʩʪʝʤʳ



ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʠ ʩʧʠʥ

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ6

ʂʚʘʥʪʦʚʘʷ ʤʝʭʘʥʠʢʘ ʧʨʝʜʩʢʘʟʳʚʘʝʪ, ʯʪʦ ʫ ʯʘʩʪʠʮʳ ʝʩʪʴ ʚʥʫʪʨʝʥʥʠʡ 

ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ ïçʩʧʠʥè, ʘ ʟʥʘʯʠʪ, ʠ ʚʥʫʪʨʝʥʥʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ.

ʅʝʧʨʘʚʠʣʴʥʦ!



ʆʧʳʪ ʐʪʝʨʥʘ-ɻʝʨʣʘʭʘ

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ7

ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚ Ὣʨʘʟ

ɻʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ



ʂʨʘʪʢʘʷ ʠʩʪʦʨʠʷ

Åʋʣʝʥʙʝʢ ʠ ɻʦʫʜʩʤʠʪ(1925):ʧʦʩʪʫʣʠʨʦʚʘʣʠ ʥʘʣʠʯʠʝ 

ʩʧʠʥʘ ʠg=2

Åʃ. ʊʦʤʘʩ (1925) ïg=2 ʠʟ-ʟʘ ʨʝʣʷʪʠʚʠʩʪʩʢʠʭ ʵʬʬʝʢʪʦʚ

Åʇ. ɼʠʨʘʢ (1928) ïʨʝʣʷʪʠʚʠʩʪʩʢʘʷ ʪʝʦʨʠʷ ʵʣʝʢʪʨʦʥʘ

Å1947: ʀʟʤʝʨʝʥʠʷ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚʦʜʦʨʦʜʘ ʠ 

ʜʝʡʪʝʨʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ Ὣ ς

Åʊʨʠʫʤʬ ʂʕɼ:ɼʞ.ʐʚʠʥʛʝʨ(1948), ʈ.ʌʝʡʥʤʘʥ(1949)
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ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ8



ɸʥʦʤʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ

ÅThe magnetic moment of the particle relates to its spin angular 

momentum via the gyromagnetic factor, g:

ᴆ‘ Ὣ
Ὡ

ςά
ᴆὛ

ÅIn Dirac theory, point-like, spin ½ particle has Ὣ ςexactly

ÅExperimental values:

ɸʥʦʤʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ: ὥ Ὣ ςȾς

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ9
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ʃʦʛʘʰʝʥʢʦ ʀ.ɹ.



(g-2)ʵʣʝʢʪʨʦʥʘ

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ10

D. Hanneke, S. Fogwell, G. Gabrielse, Phys.Rev.Lett.100:120801,2008

The best precision is achieved for electrons (g-2). The value of ὥ is 

used to get the best determination of fine-structure constant .

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ.



First Order QED
Vertex Correction

Higher Order
Loop Correction

(g-2) ʤʶʦʥʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ11

(g-2)ʤʶʦʥʘ ʚ 40,000ʨʘʟ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʟʘ 

ʨʘʤʢʘʤʠ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʯʝʤ (g-2) ʵʣʝʢʪʨʦʥʘ
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ɹʳʣʦ ʙʳ ʝʱʝ ʠʥʪʝʨʝʩʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʫ-ʣʝʧʪʦʥʳ, ʥʦ ʠʭ ʦʯʝʥʴ ʩʣʦʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠ ʦʥʠ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ ʨʘʩʧʘʜʘʶʪʩʷé

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ.



ʄʶʦʥ ïʫʥʠʢʘʣʴʥʳʡ 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʙʲʝʢʪ

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ12



ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ13ʃʦʛʘʰʝʥʢʦ ʀ.ɹ.



ʇʝʨʚʦʝ ʠʟʤʝʨʝʥʠʝ Ὣ

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ14

1960: g =2(1.001220.00008)ï10% ʪʦʯʥʦʩʪʴ ʜʣʷ ὥ



ʆʪ ʧʦʢʦʷʱʠʭʩʷ ʤʶʦʥʦʚ ʢ ʜʚʠʞʫʱʠʤʩʷ

ÅStore polarized muons in the uniform 

magnetic field B

ÅMomentum rotates with cyclotron 

frequency:

 ϳὩὄάὧ

ÅSpin rotates with Larmor+Thomas

frequency:

 ϳὫὩὄςάὧ ϳρ Ὡὄάὧ

ÅSpin precesses relative to momentum 

with frequency  :

   ϳὥὩὄάὧ

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ15



ὄ
ὥ

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ.

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʤʶʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʧʨʷʤʦ ὥ!



CERN-1 (1958-1962)

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ16



CERN-II (1962-1968)

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ17



Magic ɾ(CERN-III)

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ18

Anomalous magnetic moment is independent of . The larger , the longer 

muon lifetime, the more g-2 circles observed ïgood! But there is a problem: 

particles are not stored in the uniform magnetic field. 

Solution: introduce gradient with electric field to build a trap. 
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(more later)

Magic completely determines the size of the CERN-type 

experiment.

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ.



CERN-III (1969-1976)

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ19



Layout of BNL experiment (1997-2001)

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʩʝʤʠʥʘʨ ʀʗʌ20

24 GeV Protons

3 GeVmDecay Channel

P=97%
~104 m stored

ʃʦʛʘʰʝʥʢʦ ʀ.ɹ.


