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Gyromagnetic ratio g connects e . Yé

magnetic moment ¢ and spin s Hs =g %S

H H
For point-like particle g = 2
Anomalous magnetic moment a a=(g—2)/2

arises in higher-orders

ae = A, = % ~ 1073 (QED dominated)

The basics

Idea of experiment: by comparing measured value of a with the theory
prediction we probe extra contributions beyond theory expectations

a,(strong)/a,(QED) = 6 x 107> a,(weak)/a,(QED) ~ 107°

Why muon? For massive fields there is Y
natural scaling, which enhances

2

m
contribution to a, by (mﬂ/me)2 ~ 43000 Aa ~ <_l) m
compared to a,
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FNAL Run 2-3 8/ 2=
IR S 10
(USA) ¢ g
10°
Time after injection modulo 102.5 us [us]
GenerathnS Of NEVIS CERN 1-3 BNL FNAL
Ay
1957 1965 1976 2006 2021
measurements 1968 2023

g,(ekcm) = 0.001165920 55 (24) FNAL2023
g, (teopusa) = 0.001 165918 10 (43)  wrzoz0

| QED

[
»

| Strong ~ Contributions of known

Weak interactions
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Muon G-2 2023

result

FNAL 2021, 2023 World Average
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a, (Exp) = 0.00 116 592 059(22) [190 ppb]
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Experiment vs

SM prediction

Ivan Logashenko (BINP)

Muon G-2 Theory Initiative
Consortium of >100 theorists
and experimental physicists
“White paper”, Phys.Rep. 887 (2020) 1-166

The anomalous magnetic moment of the muon in the Standard Model

T. Aoyama'**, N. Asmussen*, M. Benayoun®, J. Bijnens®, T. Blum’*, M. Bruno®, L. Caprini'’,

C. M. Carloni Calame'', M. C&*'*3_ G, Colangelo™, F. Curciarello'™'%, H, Czyz'7, I. Danilkin'?, M. Davier'%,
C. T. H. Davies'”, M. Della Morte®, S. I. Eidelman'?'%2, A, X. El-Khadra'>**, A, Gérardin™, D. Giusti®*?",
M. Golterman®®, Steven Gottlieb®, V. Giilpers™, F. Hagelstein'*, M. Hayakawa''?, G. Herdoiza™, D. W. Hertzog™,
A. Hoecker™, M. Hoferichter ", B.-L. Hoid™, R. J. Hudspith'>"*, F. Ignatov®', T. Izubuchi*™*, F. Jegerlehner™,
L. Jin"#, A. Keshavarzi*, T. Kinoshita**', B. Kubis*, A. Kupich®', A. Kupsé**, L. Laub", C. Lehner *-¥7,
L. Lellouch®, I. Logashenko?', B. Mal °, K. Mal H45 ML K. Marinkovié***7, P. Masjuan®™%’,

A.S. Meyer', H. B. Meyer'>", T. Mibe'!, K. Miura'>"*?, §. E. Miiller’™”, M. Nio™*', D. Nomura®>>*,

A. Nyfeler''2, V. Pascaluisa'?, M. Passera™, E. Perez del Rio™, §. Peris* 4, A_ Portelli*”, M. Procura™,

C.F. Redmer'?, B. L. Roberts'¥, P. Sinchez-Puertas®, S. Serednyakov?!, B. Shwartz?!, . Simula®,

D. Stickinger™®, H. Stockinger-Kim*, P. Stoffer™. T. Teubner *, R. Van de Water’*, M. Vanderhaeghen'*'?,

G. Venanzoni®', G. von Hippel'?, H. Wittig'*", Z. Zhang'*,

M. N. Achasov®!, A. Bashir®’, N. Cardoso*’, B. Chakraborty®’, E.-H. Chao'?, J. Charles™, A. Crivellin™®,

0. Deineka'?, A. Denig'>"?, C. DeTar®, C. A. Dominguez®’, A. E. Dorokhov®®, V. P. Druzhinin®', G. Eict 047,
M. Fael™, C. S. Fischer’', E. Gdmiz?, Z. Gelzer™, J. R. Green”, S. Guellati-Khelifa™, D. Hatton'?,

N. Hermansson-Truedsson', S. Holz*, B. Horz™*, M. Knecht®, J. Koponen', A. S. Kronfeld**, J. Laiho™
S. Leupold™, P. B. Mackenzie®*, W. J. Marciano™”, C. McNeile™, D. Mohler'*'?, J. Monnard'?, E. T. Neil™”,

A. V. Nesterenko®, K. Otinad'?, V. Pauk'?, A. E. Radzhabov’®, E. de Rafael®®, K. Raya™, A. Risch'?,

A. Rodriguez-Sinchez®, P. Roig™, T. San José'>'*, E. P. Solodov?', R. Sugar®', K. Yu. Todyshev?', A. Vainshtein®?,
A. Vaguero Avilés-Casco™, E. Weil”', J. Wilhelm'?, R. Williams™', A. S. Zhevlakov™
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Electromagnetic Strong interactions Weak interactions

SM prediction for JEEEEEE

|
Clu \ 0.000 000 069 37 (43) /

0.001 165 847 19 (0.1) l 0.000 000 001 54 (1)

\ /
a, = 0.001 165918 10 (43)

The uncertainty is dominated by contribution of strong interactions
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Contribution
of exclusive

hadronic cross
sections to a,

Ivan Logashenko (BINP)

Hadronic contribution can be calculated via dispersion
relation, using measured cross section of hadron
productionin e*e™ annihilation:

1
a;?(L0) = — | 6%(e*e” = X)K,(s)ds

473
In exclusive approach, we calculate a,, integral for each LO
final state and sum them:
1 W
a;®*(Lo) = z 13 o%(ete” = X)K,(s)ds had

X=nOy,ntm—,..

_ All the rest
ete”™ - mTm™ gives by far the largest

contribution to the integral — about 74%
(and the largest contribution to uncertainty)

o(ete™ -» wtm™) required to be measured
with <1% precision (—0.1%) ete” >t

Measurement of pion formfactor by CMD-3 and muon (g-2)



There are several measurements of 6(e*te™ —» ™ m™) with sub-percent
systematic accuracy

VEPP-2M
<LOE CMD-2, SND
BABAR 2004-2008
K >° %D
o BES-III
Measurements 2016

of

ete” s ntm™

i
0/ / *tg %

&)
VEPP-2000 >
D SND 2021 |™ DN

' 27 CMD3 2023
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to VEPP-4M & c-t-factory «.

K-500
Linac -~
Storage Ring
Bldg.13

VEPP-2000

K-500 BEP
Bldg.4 Bldg.20 \\ ‘:9

Bldg.1R

Electron-positron collider C
Covers c.m. energy range from 0.36 to 2.0 5B MDB-3
Two experiments — CMD-3 and SND

V E P P - 2 O O O Design parameters @ 1 GeV

Circumference @ 24.388 m

CO | | i d e r Beam energy 150 + 1000 MeV
N of bunches Ix1

N of particles Ix101

Betatron tunes  4.14/2.14

Beta* 8.5 cm

e'.e
booster

1000 MeV

BB parameter 0.1

Luminosity 1x10°2 cm2s!

"Round beam” optics

Energy monitoring by Compton backscattering (o,5 = 0.1 MeV)
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VEPP-2000

Measurement of pion formfactor by CMD-3 and muon (g-2)
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CMD-3
Detector

*Cryogenic
Magnetic Detector

Ivan Logashenko (BINP)

Magnetic field 1.0-1.3T
Drift chamber
» Opy ~ 100 4,0, ~2 —3 mm
* EM calorimeter
~ (LXE, Gsl, BGO), 13.5 X,
 » 0z/E ~3%—10%
» 0g ~ 5mrad
« TOF
* Muon counters

Measurement of pion formfactor by CMD-3 and muon (g-2)
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Three methods

of separation of
ete ,utu-,mtm~

Ivan Logashenko (BINP)

Exampleofete™ » wtm~ event
Similarevents:ete™ » utu~,ete” > ete”
Unique feature of CMD-3:

three independent methods to measure N;/N,,!

* Energy deposition distribution
* Momentum distribution
* Angular distribution

Agree to 0.2%!

Measurement of pion formfactor by CMD-3 and muon (g-2)
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Measurement

of polar angle

Ivan Logashenko (BINP)

® angle is measured by
drift chamber via charge
division

Two detector systems
with strips readout,

L Xe calorimeter and
Z-chamber, are used for
precise calibration and
monitoring of DC

We need to precisely know the fiducial
volume (O, cut).

N ad
|F |2 — ( Tt _ Ab > . ee
T Nee 9 0

1

» 0.004
0.003
0.002

cut cutl.1
|[FO/FRe et

o
o
=)
—h

-0.001
-0.002
-0.003
-0.004

’ (1 + 5ee) " Eee

O-TL'TL'

’ (1 + 67'[7'[) “Enm

RHO2018

(@ +i0 o

...RHo2018;

sepbyPFi'HO2013

byEHH02013

=

asymmetry

i

0>1.0 6>1.1 6>1.2 6>1.3

0>1.4 O<m/2 O>m/2

Dependence of result on 0, cut

Factor 10 smaller compared to CMD-2, SND2k!

Measurement of pion formfactor by CMD-3 and muon (g-2)
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The theoretical model by Lee, Ignatov, PLB 833 (2022) 137283 (GVDM) describes
well the CMD-3 data

Recent calculation in dispersive formalism Colangelo et al., JHEP 08 (2022) 295
confirms the effect.
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Measurement
of

ete” - utu~

Ivan Logashenko (BINP)

ete”™ - utu~ events are identified as a by-product of analysis, which
allows to measure o(e*te™ - u*u~) and compare it to QED prediction

o(efe™ » u u")cups/o(eTe™ = u ) oep

—
]

1.08
1.06
1.04
1.02
1

0.98
0.96
0.94-
0.921-

o(e'e =)o g,

_| 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
083 035 04 045 05 055 06 065 0.7 075
+0.17 £ 0.16 %

Powerful cross-check of a(e*e™ —» m*m™) measurement! All ingredients are
tested: event separation, detection efficiencies, radiative corrections.

Measurement of pion formfactor by CMD-3 and muon (g-2)
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Comparison of 002
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Results based on 2013, 2018 and 2020 data only agree to ~0.1%!
The detector performance and run conditions were significantly different
for these runs.
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At first glance, they looks close to each other...
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CMD-3 is systematically above previous measurements by ~2-5%
CMD-2 ' SND, SND@VEPP-2000
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Experiment vs

SM prediction

Ivan Logashenko (BINP)

SM prediction Experiment

@
BMW Lattice 2020

PRL 13
500
e o — —— — — ——————————————————
*
“White Paper”
PhysRep 887 (2020)
.. CM
e _D‘li' 0
. -
CMD-3-based
"White Paper”

PR EPEPEEE RS SRS B S SR

17.5 18 18.5 19 19.5 20 20.5 21

a, X 10° — 1165900

Measurement of pion formfactor by CMD-3 and muon (g-2)
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- Ha petektope KM[-3 namepeHo ceveHune o(ete™ - ntn~) B obnactu
9Heprun ot 0.32 oo 1.2 'aB B cuctemMe LeHTpa Mmacc

: J'Iquaﬂ cratnctn4eckad TO4HOCTb B MUpeE

- Haubonee aetanbHbIN aHanM3 cMCTEMaTUYECKMX OLUMOOK, YHUKanNbHbIE METOAbI
NepekpecTHbIX NPOBEPOK

+ «[NoBoYHbIE» N3MEPEHUS: 3apsaoBas aCUMMETPUA B eTe™ — m¥m~, ceveHune
o(ete” - u*u™), napaMmeTpbl BEKTOPHbLIX ME30HOB,...

+ >10 net paboThl

- Pesynstat KMI-3 npusen K nepecMoTpy YCTOSABLLEroCA MHEHUS O HanM4mnm
NPOTUBOPEYUS MeXay U3MEPEHHOWN BENUYMHON aHOMArIbHOro MarHUTHOIO
MOMeEHTa MoOHa 1 npeackasaHmem CtaHgapTHOM Moaenu

* Pesynbrat KM[-3 Bbi3aBan 60nbLION pe30HaHC B coobLecTse Om3NKu
Pe 3Y/1bTaT aMeMeHTapHbIX YacTyL,

- [NpoBeneHbl paboyme coBeLLlaHus, NOCBSILLIEHHbIE pe3ynkTaTy U AeTanbHOM
NpoBepke aHanusa AaHHbIX

- BepnyTcs HOBble He3aBUCUMbIE N3MEPEHNA/0OPaBOTKM AaHHbIX, KOTOPbIE AOSTKHbI
noaTeBepauTb/onpoBeprHyTb pesynsrat KM/-3

- Ha B3r1M-2000 mbl nnaHnpyemM NpoBECTU HOBbLIW LMK U3MEPEHUN C LESbto
NOBbICUTL TOYHOCTb B 2-3 pasa

My6nukaunmn (HanpasneHsl B PRL/PRD):

1. F.V.lgnatov et al. (CMD-3 Collaboration) Measurement of the pion formfactor with CMD-3 detector
and its implication to the hadronic contribution to muon (g-2) // arXiv:2309.12910 [hep-eX]

- 2. FV.Ignatov et al. (CMD-3 Collaboration) Measurement of the e+ e*~—n+ - cross section from
threshold to 1.2 GeV with the CMD-3 detector // arXiv:2302.08834 [hep-ex]
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