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ʇʦʠʩʢʠ ʅʦʚʦʡ ʬʠʟʠʢʠ
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Flavor physics: ʅʦʚʘʷ ʬʠʟʠʢʘ 

ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʪʦʥʢʠʭ 

ʵʬʬʝʢʪʘʭ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʩʚʦʡʩʪʚ ʪʷʞʝʣʳʭ ʠʟʚʝʩʪʥʳʭ 

ʯʘʩʪʠʮ: ╬ȟ╫ȟ◄ʢʚʘʨʢʠ, ⱧȟⱲ
ʣʝʧʪʦʥʳ, ╦ȟ╩ȟ╗ʙʦʟʦʥʳ

ʉʚʝʨʭʚʳʩʦʢʠʝ ʵʥʝʨʛʠʠ

ɹʦʣʴʰʦʡ ʘʜʨʦʥʥʳʡʢʦʣʣʘʡʜʝʨ

ʊʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʝʜʝʣ (ʩʝʛʦʜʥʷ 

~10 ʊʵɺ, ʚ ʙʫʜʫʱʝʤ ï100 ʊʵɺ)

ʇʨʝʮʠʟʠʦʥʥʳʝ 

ʠʟʤʝʨʝʥʠʷ 

ʀʥʪʝʥʩʠʚʥʳʝ ʧʫʯʢʠ

ʀʟʤʝʨʝʥʠʝ 

ʘʥʦʤʘʣʴʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ 

ʤʶʦʥʘ▌ Ⱨ



ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʚ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʵʣʝʢʪʨʦʜʠʥʘʤʠʢʝ
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ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʫʛʣʦʚʳʤ ʤʦʤʝʥʪʦʤ ʩʠʩʪʝʤʳ
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ɺ ʢʚʘʥʪʦʚʦʡ ʤʝʭʘʥʠʢʝ ʫ ʯʘʩʪʠʮʳ ʝʩʪʴ ʩʧʠʥ, 

ʚʥʫʪʨʝʥʥʠʡ ʫʛʣʦʚʦʡ ʤʦʤʝʥʪ. 

ɼʣʷ ʯʘʩʪʠʮʳ ʩʦ ʩʧʠʥʦʤ 1/2:

ί ϳᴐς

ʉʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ:    ᴆ‘ ᴆί ʥʝʧʨʘʚʠʣʴʥʦ!



ʆʧʳʪ ʐʪʝʨʥʘ-ɻʝʨʣʘʭʘ
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ʄʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʚ Ὣʨʘʟ

ɻʠʨʦʤʘʛʥʠʪʥʦʝ ʦʪʥʦʰʝʥʠʝ

ᴆ‘ Ὣ
Ὡ

ςά
ᴆί



Gyromagnetic factor

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 İ particle has Ὣ ςexactly

ÅExperimental values:
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Ὣ ςȢππς

Ὣ ςρȢππρρωπȢππππυ



ʇʦʧʨʘʚʢʘ ʐʚʠʥʛʝʨʘ
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ʇʝʨʚʳʡ ʪʨʠʫʤʬ ʂʕɼ:

ɼʞ.ʐʚʠʥʛʝʨ(1948), ʈ.ʌʝʡʥʤʘʥ(1949)
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Åʐʚʠʥʛʝʨʚʳʯʠʩʣʠʣ ʦʜʥʦ-

ʧʝʪʣʝʚʫʶ ʧʦʧʨʘʚʢʫ ʢ g ʠ 

ʧʦʢʘʟʘʣ, ʯʪʦ g ʥʝʤʥʦʛʦ 

ʙʦʣʴʰʝ 2

Åʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʪʘʢʦʡ 

ʨʘʩʯʝʪ ʩʜʝʣʘʥ ʜʦ 5 ʧʝʪʝʣʴ! 



Anomalous magnetic moment

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 İ particle has Ὣ ςexactly

ÅExperimental values:

ɸʥʦʤʘʣʴʥʳʡ ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ: ὥ Ὣ ςȾς
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(g-2) ʵʣʝʢʪʨʦʥʘ
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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 ‌.

Logashenko Ivan



ʆʪ ʵʣʝʢʪʨʦʥʘ ʢ ʤʶʦʥʫ
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ɼʦʚʦʣʴʥʦ ʙʳʩʪʨʦ (1953,é) 

g-2 ʵʣʝʢʪʨʦʥʘ ʙʳʣ ʠʟʤʝʨʝʥ 

ʩ ʭʦʨʦʰʝʡ ʪʦʯʥʦʩʪʴʶ.

ʇʦʯʝʤʫ ʙʳ ʥʝ ʠʟʤʝʨʠʪʴ ʝʛʦ 

ʜʣʷ ʪʷʞʝʣʦʛʦ ʙʣʠʟʥʝʮʘ 

ʵʣʝʢʪʨʦʥʘ ïʤʶʦʥʘ?

ɹʝʨʝʩʪʝʮʢʠʡ ʠ ʜʨ. (1956): ʠʟ-

ʟʘ ʪʦʛʦ, ʯʪʦ ʤʶʦʥ ʪʷʞʝʣʳʡ, 

ʦʥ ʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʝʥ ʢ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʚʳʩʦʢʠʭ 

ʵʥʝʨʛʠʡ
ɝὥḐ

ά

ά

ά

ά
ά

ά
τσπππ



First Order QED
Vertex Correction

Higher Order
Loop Correction

(g-2) ʤʶʦʥʘ ʢʘʢ ʠʥʩʪʨʫʤʝʥʪ ʧʦʠʩʢʘ 

ʥʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ
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ɺʩʝ ʩʫʱʝʩʪʚʫʶʱʠʝʚ ʧʨʠʨʦʜʝ

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʚʥʦʩʷʪʚʢʣʘʜʚ

ʘʥʦʤʘʣʴʥʳʡʤʘʛʥʠʪʥʳʡʤʦʤʝʥʪʤʶʦʥʘï

ʚʢʣʶʯʘʷʪʝ,ʧʨʦʢʦʪʦʨʳʝʤʳʥʠʯʝʛʦʥʝ

ʟʥʘʝʤ.

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

ʨʘʤʢʘʤʠ ʉʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ, ʯʝʤ (g-2) ʵʣʝʢʪʨʦʥʘ

PhysicsNewWeakHadQED aaaaa mmmmm +++=
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ɹʳʣʦ ʙʳ ʝʱʝ ʠʥʪʝʨʝʩʥʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʫ-ʣʝʧʪʦʥʳ, ʥʦ ʠʭ ʦʯʝʥʴ ʩʣʦʞʥʦ 

ʧʨʦʠʟʚʦʜʠʪʴ ʠ ʦʥʠ ʩʣʠʰʢʦʤ ʙʳʩʪʨʦ ʨʘʩʧʘʜʘʶʪʩʷé

Logashenko Ivan

ʀʜʝʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʝʩʣʠ ʠʟʤʝʨʝʥʥʘʷ ʚʝʣʠʯʠʥʘ ╪ʦʪʣʠʯʘʝʪʩʷ ʦʪ 
ʨʘʩʯʝʪʥʦʡ, ʟʥʘʯʠʪ ʚ ʚʘʢʫʫʤʝ ʩʫʱʝʩʪʚʫʶʪ ʢʘʢʠʝ ʪʦ ʧʦʣʷ ʠʣʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʢʦʪʦʨʳʝ ʥʝ ʫʯʠʪʳʚʘʶʪʩʷ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʦʨʠʝʡ



ʄʶʦʥ ïʫʥʠʢʘʣʴʥʳʡ 

ʣʘʙʦʨʘʪʦʨʥʳʡ ʦʙʲʝʢʪ

Logashenko Ivan MISP 2022. Muon anomalous magnetic moment 11



ʇʝʨʚʦʝ ʠʟʤʝʨʝʥʠʝ Ὣ
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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
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‫
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ὥ

Logashenko Ivan

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʜʚʠʞʫʱʠʭʩʷ ʤʶʦʥʦʚ ʧʦʟʚʦʣʷʝʪ ʠʟʤʝʨʷʪʴ ʧʨʷʤʦ ὥ!



CERN-1 (1958-1962)
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