. - i
e E PR,

lvan Logashenko
BINP

Moscow International
School of Physics 2022



Logashenko Ivan MISP 2022. Muon anomalous magnetic moment

1 sdmMSd 1 so82 WdL dS6

HoJtmro MBGEd) {dzj BddddL dsdeds |

- qgL asd 6 dzd v
1 s dz Ot ts dzlats ZdzO2 H | te _ |
UJ:dZBdZBunJfUQqQ UtGJHI‘}(gZﬁ‘#r]JdZ&f%g(gwdzr cj‘ UI:

~10u5 4 ], T ZLHOEOh | J ,
., & BllAH _» )FlavorphySIC331 seOw WwdLd¢t

fteswodw jlsfw o Istsdzl c
LWWjiClson fted dLEyjc
: frjalsj)frjlsg |SW)1cidzr o CfLE
o Euture 1 L 5
Circular | l{_Ofl'] |S-|h‘|-|-|=hv{:v8 OT.GFQ’W,
. ‘pS . Collider , dZJ. U’ s ‘%dh’—l-hﬂ BBL IS er

RL d3J tog dzd J
Odzets BOdz! dats G 15
KOG dzd s dzgs ¢ 5 Bfs a3 dzl
a3 ts d£p )H

PUSUKUN MEYTAIOT O BOJ1bLLOM
KONNAWUOEPE YACTUL, HA NNYHE

1.06.202110:39 ®1234 N OobBasur




Logashenko Ivan MISP 2022. Muon anomalous magnetic moment

[ Ocdzd Isdzr 2 gsdzj dzls o ¢
L dzj CIstetsH d dzOd3d € j

[ OcdzdIsdz 2 dBsdzj dzls Isj Mdets MeowL Odz ) ke dztsor

0,
oYl SR
¢ 1 g

O QUi

.

______________
~~~~~
s~ S

o -3 ‘ r )
ca e | =

m,
| CoOddssats? &jroddCy Ek uyomisdyr ;mgj i)
o dzizlstej dzdzd 2 kG dztso 5?2 Bsdj dzls.
v yombsdyr fyts My ddsd 172
| 9]¢
utstslse jIsiso ks h d2 BOc B lserib—dstsd3izdzls te O o d dz’




Logashenko Ivan MISP 2022. Muon anomalous magnetic moment

[dr s zlg)ltdaddd -~ O

® Beam of silver atoms passes | tebeamoite l »
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either up or down | -
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® Llater understood to be 2

The Stern-Gerlach experiment On the photographic plate are two clear tracks.

due to 2 spin states of

the valence electron Gerlach and Stern,
Z.Phys. 8, 110 (1922)

® But, the magnitude of
magnetic moment was
wrong!
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Gyromagnetic factor

AThe magnetic moment of the particle relates to its spin angular
momentum via the gyromagnetic factor, g:
p Q—-¥
C a
Aln Dirac theory, point-l i ke, spin "Q qesactlyi cl e

AEXperimental values: Q 8rimc

PHYSICAL REVIEW VOLUME 74, NUMBER 3 AUGUST 1, 1948

The Magnetic Moment of the Electront

P. KusceE AND H. M. FoLEY

“Q C (p8'[ TT p p 'ﬂﬁ'[ TT T[)T[ U Department of Physics, Columbia University, New York, New York

(Received April 19, 1948)

A comparison of the gy values of Ga in the 2Py, and 2P; states, In in the 2P; state, and Na in
the 25 state has been made by a measurement of the frequencies of lines in the Afs spectra in a
constant magnetic field. The ratios of the g values depart from the values obtained on the basis
of the assumption that the electron spin gyromagnetic ratio is 2 and that the orbital electron
gyromagnetic ratio is 1. Except for small residual effects, the results can be described by the
statement that gr=1 and gg=2(1.00119+0.00005). The possibility that the observed effects
may be explained by perturbations is precluded by the consistency of the result as obtained by
various comparisons and also on the basis of theoretical considerations.
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Anomalous magnetic moment

AThe magnetic moment of the particle relates to its spin angular
momentum via the gyromagnetic{zzactor, g:
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AExperimental values:
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The best precision is achieved for electrons (g-2). The value of @ is
used to get the best determination of fine-structure constant| .

D. Hanneke, S. Fogwell, G. Gabrielse,

ae = (115965218 073-

Phys.Rev.Lett.100:120801,2008

-28) x 10714 (0.24 ppb)
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+ m, =207 xm, pt 7,
*  (m/m.)>=44,000 - a typical new-physics sensitivity factor
+ Interacts through its electric charge and magnetic

moment, and its weak charged and neutral currents

(but not the strong force)

% Muon
+ A pu*can form a hydrogen-like p*e- (QED) atom
P

S

« A canform a hydrogen-like pA atom

+ Its ~ 2.2 ps lifetime is long enough to form beams and roton

long(ish) lived atoms, yet short enough for precision
decay measurements

+ PV in the weak interaction implies it is born polarized

and its decay is self analyzing

:

}
« |ts “muon-ness” is conserved to a very high (perfect?) “+_) et V.V

degree u

I
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l Jjicotsy dL @ toj dzd |
1957: Garwin, Lederman, Weinrich at Nevis (Just after
Yang and Lee parity violation paper - confirmation)

I Direct measurement of g -- asym vs field
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AStore polarized muons in the uniform
magnetic field B

AMomentum rotates with cyclotron
frequency:
1 Qdr ao
ASpin rotates with Larmor+Thomas Soin
frequency: momentum
1 QA a0@E NN o
ASpin precesses relative to momentum ] .
. W
0

with frequency 3
T 1 1 wQdaw
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CERN-1 (1958-1962)

Such experiments continued at Nevis
and CERN until 1965

Best measurement CERN | (1965)
a, = 0.001162(5) (£4300 ppm)

Just like the electron!
Sensitive to 2nd order QED

Time for a new idea...

The first CERN g-2 team: Sens, Charpak, Muller,
Farley, Zichichi (CERN/1959)



