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The basics
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 𝜇𝑆 = 𝑔
𝑒

2𝑚
 𝑆

Gyromagnetic ratio 𝒈 connects 
magnetic moment 𝜇 and spin 𝑠

For point-like particle 𝒈 = 𝟐

Anomalous magnetic moment 𝒂
arises in higher-orders

𝑎 = (𝑔 − 2)/2

𝑎𝑒 ≈ 𝑎𝜇 ≈
𝛼

2𝜋
≈ 10−3 (QED dominated)

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

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

contribution to 𝑎𝜇 by  𝑚𝜇 𝑚𝑒
2
∼ 43000

compared to 𝑎𝑒 𝑚𝑋

𝑚𝑙Δ𝑎 ∼
𝑚𝑙
𝑚𝑋

2

 𝑎𝜇(𝑠𝑡𝑟𝑜𝑛𝑔) 𝑎𝜇 𝑄𝐸𝐷 ≈ 6 × 10
−5  𝑎𝜇(𝑤𝑒𝑎𝑘) 𝑎𝜇 𝑄𝐸𝐷 ≈ 10

−6



Anomalous 
magnetic 
moment of 
electron
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X. Fan, T. G. Myers, 

B. A. D. Sukra, G. Gabrielse, 

Phys.Rev.Lett. 

130 (2023) 7, 071801

The best precision is 

achieved for electrons (g-2). 

The value of 𝑎𝑒 is used to 

get the determination of 

fine-structure constant 𝛼.

𝑎𝑒 = 1 159 652 180 59 13 × 10
−14 (0.11 ppb)



𝑎𝜇 vs  𝑎𝑒

𝚫𝒂 (exp) Hadronic Weak Weak/𝚫𝒂

𝑎𝑒 0.11 ppb ~1.4 ppb 0.03 ppb 0.3

𝑎𝜇 190 ppb ~52000 ppb ~1300 ppb 6.8
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𝑎𝜇 is more sensitive to contributions from heavy fields compared 

to 𝑎𝑒 by factor ~20



Generations of 
𝑎𝜇
measurements
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𝑎𝜇 эксп = 0.001 165 920 55 (24)

FNAL Run 2-3
(USA)

𝑎𝜇 теория = 0.001 165 918 10 (43) WP2020

QED

Strong

Weak

Contributions of known 
interactions

1957 1965
1968

1976 2021
2023

2006

Run 3a

NEVIS CERN 1-3 BNL FNAL

FNAL2023



Principles of 
CERN-III type 
measurement

1. Spin precesses relative to 
momentum with frequency 𝜔𝑎
proportional directly to 𝑎 𝜇

𝜔𝑎 = 𝜔𝑠 − 𝜔𝑐 =  𝑎𝜇𝑒𝐵 𝑚𝑐

𝑎𝜇 =
𝑚𝑐

𝑒

𝜔𝑎
𝐵

2. Effect of electric field is cancels out 
for muons of “magic” momentum

𝜔𝑎 = −
𝑒

𝑚
𝑎𝜇𝐵 − 𝑎𝜇 −

1

𝛾2−1

𝛽×𝐸

𝑐
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zero for 𝛾𝜇 = 29.3

Muons are stored in a storage ring
𝜔𝑎 and 𝐵 are measured 

Need focusing!

Muons with 𝑝 = 3.09GeV/c are used

Focusing with electrostatic quadrupoles 



Muon G-2 Ring 
@FNAL
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Muon G-2 
collaboration
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181 collaborators
33 Institutions
7 countries 



Final error 
table
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The Run-2/3 result is statistically dominated
70 ppb systematic uncertainty surpasses the proposal goal of 100 ppb!



Total collected 
statistics

Ivan Logashenko (BINP) Measurement of pion formfactor at CMD-3: impact of muon (g-2) 11

21.9 BNL datasets have been collected in FNAL (proposal – 21 BNL)

Run 4/5/6 statistics is x3 Run-1/2/3



Muon G-2 2023 
result
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𝑎𝜇 Exp = 0.00 116 592 059 22 [190 ppb]

2023 result

BNL 2006

FNAL 2021, 2023



Experiment vs
SM prediction
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WP2020

Muon G-2 Theory Initiative
Consortium of >100 theorists 
and experimental physicists

“White paper”, Phys.Rep. 887 (2020) 1-166

State-of-art @2020



SM prediction 
for 𝑎𝜇
(WP2020)
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𝑎𝜇 = 0.001 165 918 10 (43)

Electromagnetic 
interactions

Strong interactions Weak interactions

0.000 000 069 37 (43)

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

The uncertainty is dominated by contribution of strong interactions



Hadronic 
contribution to 
muon (g-2)

6 931 ± 40 × 10−11 −98.3 ± 0.7 × 10−11 92 ± 19 × 10−11
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350 ppb (0.6%) 10 ppb 160 ppb

Leading order
(LO)

Next-to-leading order
(NLO)

Light-by-light
(LBL)

WP(2020)

Compare to experimental accuracy of 190 ppb



HVP:
what do we 
need to 
measure

∝
1

𝑞2 − 𝑠

𝛼

𝜋
𝐾𝜇(𝑠)

Im Π′ 𝑠 =
𝑠

4𝜋𝛼
𝜎0 𝑒+𝑒− → 𝛾 → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 + ⋯

Dispersion relation:

Optical theorem:

Lets put everything together:

𝑎𝜇
ℎ𝑎𝑑(𝐿𝑂)

𝑎𝜇
ℎ𝑎𝑑 𝐿𝑂 =

𝛼2

3𝜋2
 

4𝑚𝜋
2

∞
𝑑𝑠

𝑠
𝑅 𝑠 𝐾𝜇(𝑠) 𝑅 𝑠 =

𝜎0 𝑒+𝑒− → 𝛾 → ℎ𝑎𝑑𝑟𝑜𝑛𝑠

4𝜋𝛼2/3𝑠

𝜎0 𝑒+𝑒− → 𝜇+𝜇−

This is what we need to measure

𝑠 = c.m. energy 2
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Contribution 
of exclusive 
hadronic cross 
sections to 𝑎𝜇

In exclusive approach, we calculate 𝑎𝜇 integral for each final state and sum them:

𝑎𝜇
ℎ𝑎𝑑 𝐿𝑂 =  

𝑋=𝜋0𝛾,𝜋+𝜋−,…

𝑎𝜇
𝑋 𝐿𝑂 = 

𝑋

1

4𝜋3
 𝜎0 𝑒+𝑒− → 𝑋 𝐾𝜇 𝑠 𝑑𝑠

From DHMZ’19

The larger the contribution, the 
better relative precision is 
required

𝑒+𝑒− → 𝜋+𝜋− is by far the most 
challenging and has got the most 
attention (74% of total hadronic 
contribution!)
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74%

26%

𝝅+𝝅−

All the rest



Hadronic 
contribution: 
a visual 
representation
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Full value of 𝑎𝜇 𝑆𝑀

74%

26%

Hadronic contribution to 𝑎𝜇 𝑆𝑀

𝝅+𝝅−



Measurements 
of 
𝑒+𝑒− → 𝜋+𝜋−
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BABAR
2009-
2012

KLOE
2009-
2012

VEPP-2M
CMD-2, SND

2004-2008

BES-III
2016

VEPP-2000
SND 2021

CMD3 2023

CLEO-c
2018

There are several measurements of 𝜎 𝑒+𝑒− → 𝜋+𝜋− with sub-percent 
systematic accuracy



Tensions in 
𝑒+𝑒− → 𝜋+𝜋−

data 
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𝑎𝜇
ℎ𝑎𝑑 𝐿𝑂; 2𝜋, 0.6 < 𝑠 < 0.88 GeV

1

4𝜋3
 
0.6

0.88

𝜎0 𝑒+𝑒− → 𝜋+𝜋− 𝐾𝜇 𝑠 𝑑𝑠

KLOE

BABAR CMD-2

10%

There are few-% discrepancies 
between various sub-% 
measurements of 𝜎(𝑒+𝑒− → 𝜋+𝜋−)
Unexplained

WP2020: scale factor for 
Δ𝑎𝜇(𝐻𝑎𝑑; 𝐿𝑂)

CMD-3 goal: new high statistics low 
systematics measurement of 
𝜎(𝑒+𝑒− → 𝜋+𝜋−) via energy scan

2.5%



CMD-3 measurement 
of 𝑒+𝑒− → 𝜋+𝜋− cross 
section (2023)
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arXiv:2302.08834arXiv:2309.12910

Submitted to PRL Submitted to PRD

There were 2 dedicated reviews of CMD-3 measurement, organized by Theory Initiative 



VEPP-2000 
collider (BINP, 
Novosibirsk)
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Electron-positron collider
Covers c.m. energy range from 0.36 to 2.0 ГэВ

Two experiments – CMD-3 and SND

e+,e

booster
1000 MeV

CMD-3

2 m2 m

VEPP-2000

SND

“Round beam” optics 

Energy monitoring by Compton backscattering (𝜎 𝑠 ≈ 0.1MeV)



VEPP-2000
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CMD-3 
Detector

*Cryogenic 
Magnetic Detector
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• Magnetic field 1.0-1.3 T

• Drift chamber

 𝜎𝑅𝜑 ∼ 100 𝜇, 𝜎𝑧 ∼ 2 − 3 mm

• EM calorimeter 
(LXE, CsI, BGO), 13.5 𝑋0
 𝜎𝐸/𝐸 ∼ 3%− 10%

 𝜎Θ ∼ 5mrad

• TOF

• Muon counters



Collected data
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The CMD-3 result is based on 3 data taking seasons: 2013, 2018, 2020

1 fb-1



Measurement 
of 
𝑒+𝑒− → 𝜋+𝜋−

at CMD-3
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209 energy points

𝜎 𝑒+𝑒− → 𝜋+𝜋− =
𝜋𝛼2

3𝑠
𝛽𝜋
3 ⋅ 𝐹𝜋

2



Comparison to 
other 
measurements
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At first glance, they looks close to each other…



Comparison to 
other 
measurements
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CMD-3

CMD-3 is systematically above previous measurements by ~2-5%

10%



CMD-3 
𝑒+𝑒− →
𝜋+𝜋−: 
contribution to 
g-2
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Experiment vs
SM prediction
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At the moment, the SM prediction for 𝑎𝜇 is unclear (due to hadronic contribution)



Looking deeper
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Measurement 
techniques:

Direct vs ISR
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Direct measurement (Energy scan) ISR (Initial State Radiation)

At fixed 𝑠: 𝜎𝑒+𝑒−→𝐻(𝑠) ∼  𝑁𝐻 𝐿
Data is taken at different 𝑠

𝜎𝑒+𝑒−→𝐻(𝑠
′) ∼

 𝑑𝑁𝐻+𝛾 𝑑𝑠′

𝐿⋅  𝑑𝑊 𝑑𝑠′

Data is taken at fixed 𝑠 > 𝑠′

𝑠′

KLOE, BABAR, BES-III, CLEOVEPP-2M: CMD-2, SND
VEPP-2000: CMD-3, SND2k



CMD-3 
𝑒+𝑒− → 𝜋+𝜋−

analysis
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Θ

𝑒+ 𝑒−

𝜋+

𝜋−

fiducial volume
Θ0 ≤ Θ𝑎𝑣𝑟 ≤ 𝜋 − Θ0
Θ0 = 1.0…1.4

Θ0

Select events with 2 back-to-back 
tracks in the detector at large angle: 

𝑒+𝑒− → 𝑒+𝑒−, 𝜇+𝜇−, 𝜋+𝜋−

and cosmic background

Key pieces of analysis to reach high 
precision:

• 𝑒/𝜇/𝜋 separation

• radiative corrections 

• fiducial volume

• detection efficiency  corrections 

𝑒+𝑒− → 𝑒+𝑒−, 𝜇+𝜇−, 𝜋+𝜋−; cosmic bg

𝜎 𝜋+𝜋− =
𝜋𝛼2

3𝑠
𝛽𝜋
3 ⋅ 𝐹𝜋

2

𝐹𝜋
2 =
𝑁𝜋𝜋
𝑁𝑒𝑒
− Δ𝑏𝑔 ⋅

𝜎𝑒𝑒
0 ⋅ 1 + 𝛿𝑒𝑒 ⋅ 휀𝑒𝑒

𝜎𝜋𝜋
0 ⋅ 1 + 𝛿𝜋𝜋 ⋅ 휀𝜋𝜋

measured Born cross-section
Radiative corrections

Detection efficiencies



Classification 
of
𝑒+𝑒− → 𝜋+𝜋−

measurements

Exp Type N 𝟐𝝅 Syst Sep Norm

CMD-3 Direct 3 ⋅ 107 0.7% P/E/Θ 𝑒+𝑒− /𝜇+𝜇−

CMD-2 Direct 106 0.6-0.8% P or E 𝑒+𝑒−

SND Direct 4.5 ⋅ 106 1.3% E-NN 𝑒+𝑒−

SND2k Direct 106 0.8% E-NN 𝑒+𝑒−

BABAR ISR 0.5% Kin 𝜇+𝜇− + 𝑒+𝑒−

KLOE08 ISR 0.9% E-TOF 𝑒+𝑒−

KLOE10 ISR 1.4% E-TOF 𝑒+𝑒−

KLOE12 ISR 0.7% Kin 𝜇+𝜇−
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Features of 
CMD-3 
measurement

 World-largest statistics
• 34 000 000 𝑒+𝑒− → 𝜋+𝜋−

• 3 700 000 𝑒+𝑒− → 𝜇+𝜇−

• 44 000 000 𝑒+𝑒− → 𝑒+𝑒−

 Many built-in cross checks
 3 methods for final states 

indentification

 2 methods for angle measurement

 Measurement of 𝜎 𝑒+𝑒− → 𝜇+𝜇−

 Measurement of charge asymmetry

 Very detailed study of potential 
systematics

Ivan Logashenko (BINP) Measurement of pion formfactor at CMD-3: impact of muon (g-2) 36

Example of 𝑒+𝑒− → 𝜋+𝜋− event



Statistical 
precision of 
CMD-3 data
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Three methods 
of separation of 
𝑒+𝑒−, 𝜇+𝜇−, 𝜋+𝜋−
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Separation (counting) of 𝑒+𝑒−, 𝜇+𝜇−, 𝜋+𝜋−

events is based on 

a) momenta of two particles

b) or energy deposition in LXe calorimeter

− ln 𝐿 = − 

𝑏𝑖𝑛𝑠

𝑛𝑖 ln  

𝑎=𝑒𝑒,𝜇𝜇,𝜋𝜋,𝑏𝑔

𝑁𝑎𝑓𝑎 𝑋
+, 𝑋− + 

𝑎

𝑁𝑎

𝑋 = 𝑃 or 𝐸

± sign reflects energy deposition and momentum 
of particle with corresponding charge

Independent check by angular distribution

𝑷− vs 𝑷+@ 𝒔 = 𝟎. 𝟓GeV

𝑬− vs 𝑬+@ 𝒔 = 𝟎. 𝟕𝟖GeV

𝝅+𝝅−

𝝁+𝝁−

𝒆+𝒆−

𝝅+𝝅−

𝝁+𝝁−

𝒆+𝒆−

Unique feature of CMD-3: three independent methods to measure 𝑁𝜋𝜋/𝑁𝑒𝑒!
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Three methods agree to 0.2%!



Radiative 
corrections
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ISR FSR

Radiative processes

We want to measure 𝑒+𝑒− → 𝐻, but these events 
are accompanied by similar events where photons 
are emitted by any of the particles.

Have to correct visible cross-section – radiative 
corrections

• MCGPJ (𝑋+𝑋−) (VEPP-2000) 
1 real 𝛾 (from any particle) + jets along all 
particles

• BABAYAGA@NLO (𝑒+𝑒−)
1 real 𝛾 + 𝑛𝛾 generated iteratively by emitting 
one 𝛾 at a time

• PHOKHARA
Many final states, intended for ISR 
measurements

Typical estimated precision – 0.1-0.2%

Initial Final

state radiation

Vacuum polarization



CMD-3 
𝑒+𝑒− → 𝜋+𝜋−

analysis: 
radiative 
corrections
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Measurement of 𝑒+𝑒− → 𝜋+𝜋−

requires high precision calculation of 
radiative corrections.

We use two high-precision MC 
generators for 𝑒+𝑒− → 𝑒+𝑒−:

• MCGPJ generator (0.2%)

• BaBaYaga@NLO (0.1%)

With high statistics we’ve observed 
inconsistencies in tails of distributions, 
which were traced to particulars of 
MCGPJ generator

After improvements, tails of 𝑒+𝑒−

spectra still differ by few %, 
which limits the precision to O(0.1%)

NNLO MC generator for 𝑒+𝑒− → 𝑒+𝑒−

is needed for higher precision



Measurement 
of polar angle
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Dependence of result on Θ0 cut

Factor 10 smaller compared to CMD-2, SND2k!

We need to precisely know the fiducial 
volume (Θ0 cut).

𝐹𝜋
2 =
𝑁𝜋𝜋
𝑁𝑒𝑒
− Δ𝑏𝑔 ⋅

𝜎𝑒𝑒
0 ⋅ 1 + 𝛿𝑒𝑒 ⋅ 휀𝑒𝑒

𝜎𝜋𝜋
0 ⋅ 1 + 𝛿𝜋𝜋 ⋅ 휀𝜋𝜋

Θ angle is measured by 
drift chamber via charge 
division

Two detector systems 
with strips readout, 
LXe calorimeter and 
Z-chamber, are used for 
precise calibration and 
monitoring of DC



Charge 
asymmetry in
𝑒+𝑒− → 𝜋+𝜋−
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Charge asymmetry in 𝑒+ 𝑒− → 𝜋+ 𝜋− is due to 
interference between ISR/FSR and between 
one- and two-photon exchange  

𝐴 =  𝑁Θ<𝜋/2
𝜋 − 𝑁Θ>𝜋/2

𝜋 𝑁

CMD-3 data

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. 

× 𝐹(𝑠)



Measurement 
of 
𝑒+𝑒− → 𝜇+𝜇−
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𝑒+𝑒− → 𝜇+𝜇− events are identified as a by-product of analysis, which 
allows to measure 𝜎 𝑒+𝑒− → 𝜇+𝜇− and compare it to QED prediction

Powerful cross-check of 𝜎 𝑒+𝑒− → 𝜋+𝜋− measurement! All ingredients are 
tested: event separation, detection efficiencies, radiative corrections. 

𝜎 𝑒+𝑒− → 𝜇+𝜇− 𝐶𝑀𝐷3/𝜎 𝑒
+𝑒− → 𝜇+𝜇− 𝑄𝐸𝐷

+0.17 ± 0.16 %



Comparison of 
data taking 
seasons
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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.



What’s next
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Experiment vs
SM prediction 
(2024)
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WP2020
BMW Lattice 2020

CMD-3 based

At the moment, the SM prediction for 𝑎𝜇 is unclear (due to hadronic contribution)



Question #1

What to do 
with CMD-3?

We cannot simply average CMD-3 measurement with other 
measurements

CMD-3 result is incompatible with previous measurements

 If CMD-3 is right, other are wrong

 If previous measurements are right, CMD-3 is wrong

 Or they all are wrong
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CMD-3: what 
we could do 
wrong?

CMD-3 measurement has many internal cross-checks which doesn’t 
leave much space for unknowns. 

 Is there problem with angle measurement (fiducial volume)?
Unlikely: two systems are used; there is measurement of asymmetry;
angle distribution agrees with simulation

 Is there problem with RC calculation?
Unlikely as a source of discrepancy: CMD-2 and SND use the same code, 
and measurement of asymmetry agrees with RC MC generator. But there 
could be potential systematic shift in RC common for CMD-X/SND (e.g. for 
pions due to limitations of sQED).

 Is there problem with event separation?
Unlikely: three methods agree (CMD-3 is the first measurement with 
several methods)

 Is there problem with trigger or detection efficiencies?
Unlikely: should lead to shift of 𝜎(𝜇𝜇). 

 Stupid mistake?
Always possible, but we’ve done the whole analysis on MC data

 Unaccounted physical background which mimics 𝑒+𝑒− → 𝜋+𝜋−?
Possible, but we accounted for all known backgrounds from 𝑒+𝑒−

annihilation. Something else? Beam/residual gas interactions? 
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CMD-2 and 
CMD-3 are 
very different 
measurements

Similarities:

 Two subsystems, endcap 
calorimeter (not used) and Z-
chamber (only used in 2013 
CMD-3 data)

 Analysis strategy

Differences:

 Major detector systems (DC 
and calorimeter), electronics

 DC resolution

 Statistics (CMD-3 x30)

 Analysis implementation

 …
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CMD-2

CMD-3

CMD-2 and CMD-3 are very different realization 
of the same-type measurement



Prospects for 
SM prediction
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Discrepancies in 𝑒+𝑒− → 𝐻 data make the SM prediction “blinded”

As of today, we don’t have established estimate of 𝑎𝜇(𝑆𝑀)

There are significant efforts to understand the discrepancies and to obtain 
additional new 𝑒+𝑒− → 𝐻 data:
• SND has the same amount of data collected as CMD-3, analysis is in progress
• BABAR is making reanalysis of old data using new approach (angular analysis)
• BELLE-II plans to do ISR measurement of 𝑒+𝑒− → 𝐻 cross sections
• KLOE-2 started analysis of data not analyzed before

There is dedicated experiment, Muone, being prepared at CERN to measure 
hadronic contribution via 𝑒𝜇 scattering

There is fast progress in lattice calculations

There are good chances to improve precision of SM prediction in coming years



Question #2

Accuracy of 
hadronic 
contribution
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FNAL expected precision of 140 ppb corresponds to ~0.25% of 𝑎𝜇
ℎ𝑎𝑑,𝐿𝑂

Hadronic contribution: 𝑎𝜇 ℎ𝑎𝑑 =  𝜎𝑒+𝑒−→𝐻 𝑠 𝐾 𝑠 𝑑𝑠

Need to measure 𝜎 𝑒+𝑒− → 𝐻 to ~0.2% in order to match FNAL precision. 

Final state Required precision Precision today

𝜋+𝜋− 0.2% 0.8%

𝜋+𝜋−𝜋0 1.0% 1.5-3%

𝜋+𝜋−𝜋+𝜋− 0.8% 2-3%

𝜋+𝜋−𝜋0𝜋0 2.5% 5%

𝐾+𝐾− 0.6% 2%

𝐾𝑆𝐾𝐿 0.7% 2%
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𝑎𝜇 𝐵𝑆𝑀 ± Δ𝑎𝜇 𝐵𝑆𝑀 = 𝑎𝜇 𝑒𝑥𝑝 − 𝑎𝜇 𝑆𝑀 ± Δ𝑎𝜇 𝑒𝑥𝑝
2 + Δ𝑎𝜇 𝑆𝑀

2

Δ𝑎𝜇 𝐵𝑆𝑀 determines the power of 𝑎𝜇 as test of theoretical models

Reduction of 𝚫𝒂𝝁 𝑩𝑺𝑴 is of great importance for flavor physics



CMD-3 plans
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The CMD-3 measurement is systematically limited – detector upgrade.

Detector upgrades under discussions: new drift chamber, new Z-chamber at inner 
and outer radii (probably, integrated with DC),…

The goal is to reach ~0.3-0.4% in 𝜎 𝑒+𝑒− → 𝜋+𝜋−

Key improvements:
• Separation of final 

states (PID)
• Angle measurement
• Nuclear interactions 

of pions

The precision critically depends on development on new generation of MC 
generators for radiative corrections



VEPP-6
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We are considering a new collider at BINP (VEPP-6)

 𝑒+𝑒− collider

o Beam energy from <0.5 to 1.6 GeV (𝐽/𝜓) (2.2 GeV)

o Luminosity ℒ ≈ 103𝟒 c𝑚−2c−1@ 1.6 GeV

 General purpose detector

o Tracking 

o Calorimetry 

o Particle ID

 Physics 

o Measurement of R (cross sections 𝑒+𝑒− → 𝐻)

o 𝐽/𝜓 decays

o Baryon thresholds

o 𝜏, open charm

o …

VEPP-6 should be capable to measure R to necessary precision

500 МэВ: 131032 c𝑚−2c−1

 1  DAPHNE
1000 МэВ: 121033 c𝑚−2c−1

 10 VEPP-2000
1550 МэВ: 0.511034 c𝑚−2c−1

 30  BEPCII



MUonE
@CERN
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Dedicated experiment to measure 
hadronic contribution in t-channel.

Measured: angular distribution of 𝜇𝑒 scattering; 4 ⋅ 1012 events!

Now: proof-of-concept data taking; final result after LHC LS3 (2029-)
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At the beginning of 2023 At the end of 2023



Conclusion
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Conclusion
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Quest for next-generation experiments: reduce these error bars
Ultimate goal: Hadron data = Lattice QCD = MuONe


