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BINP accelerator complex layout
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Injection Complex (IC) and 
beam transfer linesVEPP-2000

VEPP-4M

366 meters

24 meters

𝑒+/𝑒− source



VEPP-4M and VEPP-3
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Beam energy
2 x (0.925-4.7) GeV

Luminosity
∼ 4 ⋅ 1031 𝑐𝑚−2𝑠−1

Experimental program:

• e+e– HEP with KEDR detector

• SR at VEPP-3 (2 GeV) 

• SR at VEPP-4M (2÷4 GeV)

• Nuclear physics at VEPP-3 

with Deuteron facility

• Test Beam Facility at VEPP-4M

Energy determination with resonant depolarization technique

• Toushek polarimeter:
Δ𝐸

𝐸
≈ 10−6 for E<2 GeV

• Laser polarimeter: 
Δ𝐸

𝐸
≈ 3 ⋅ 10−6 at E=4.73 GeV



KEDR detector 
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Детектор КЕДР

В . Блинов Сессия ИЯФ , 1 февраля 2013 года 3/ 27

Key results:

• R ratio (1.84-3.72 GeV, 4.56-

6.96 GeV in progress)

• Τ𝐽 𝜓 , 𝜓 2𝑆 , 𝜏, 𝐷 masses

• Τ𝐽 𝜓 , 𝜓 2𝑆 widths (partial, 

leptonic,…)

Ongoing experiment:

• Υ(1S) mass and leptonic width



KEDR detector results 
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𝑀 𝜓 2𝑆𝑀 𝐽/𝜓 𝑅 𝑠 =
𝜎 𝑒+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠

𝜎 𝑒+𝑒− → 𝜇+𝜇−



New measurement of 𝐷0 and 𝐷± masses
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V.V.Anashin et. al. (KEDR collaboration), JHEP 11 (2025) 001

𝐷0 signal

𝐷± signal



VEPP-2000
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Experimental program:

• Exclusive 𝑒+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 at 

𝑠 ≤ 2.007 GeV

(spectroscopy of uds hadrons, 

dynamics,…)

• Related to muon (g-2)

• 𝑝 ҧ𝑝, 𝑛ത𝑛 threshold

• Other topics

>1 fb−1 collected per detector

Design parameters @ 1 GeV

Circumference 24.388 m

Beam energy 150  1000 MeV

N of bunches 11

N of particles 11011

Betatron tunes 4.14 / 2.14

Beta* 8.5 cm

Luminosity 11032  cm-2s-1

CMD-3

SND

World-highest luminosity below 2 GeV
(except at 𝜑)

“Round beam” optics

Energy monitoring by Compton backscattering 

∆Eb/Eb = 6 × 10−5



VEPP-2000 luminosity
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Luminosity of colliders Per bunch luminosity of colliders

Unique VEPP-2000 optics, “round beams”, allows to suppress beam-beam effects
VEPP-2000 holds world record for single bunch luminosity 



VEPP-2000 detectors
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• B field 1.0-1.3 T

• Tracking resolution

 𝜎𝑅𝜑 ∼ 100 𝜇, 𝜎𝑧 ∼ 2 − 3 mm

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

 𝜎Θ ∼ 5 mrad

• TOF system

 𝜎𝑡 ∼ 0.5 ÷ 1 ns

• Muon counters 

SND detectorCMD-3 detector



VEPP-2000
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Collected integral (per detector) Exclusive final states under analysis @CMD-3

𝜌, 𝜔 𝜑

𝜂

𝑓1 1285

𝑝 ҧ𝑝, 𝑛ത𝑛

𝐷∗0

upgrade



Published 
CMD-3 
results

Ivan Logashenko RESULTS FROM COLLIDER EXPERIMENTS AT BINP AND VEPP-6 PROJECT 11



Published 
CMD-3 
results

Ivan Logashenko RESULTS FROM COLLIDER EXPERIMENTS AT BINP AND VEPP-6 PROJECT 12



CMD-3 measurement of 𝑒+𝑒− → 𝜋+𝜋−
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Phys.Rev.Lett. 132 (2024) 23, 231903

Phys.Rev.D 109 (2024) 11, 112002• World-largest statistics
• 34 000 000 𝑒+𝑒− → 𝜋+𝜋−

• 3 700 000 𝑒+𝑒− → 𝜇+𝜇−

• 44 000 000 𝑒+𝑒− → 𝑒+𝑒−

• 209 energy points (2013, 2018, 2020)

• Many built-in cross checks
◦ 3 methods for final states identification

◦ 2 methods for angle measurement

◦ Measurement of 𝜎 𝑒+𝑒− → 𝜇+𝜇−

◦ Measurement of charge asymmetry

• Very detailed study of potential systematics

𝜎 𝑒+𝑒− → 𝜋+𝜋− =
𝜋𝛼2

3𝑠
𝛽𝜋
3 ⋅ 𝐹𝜋

2

Systematic error is 0.7% at 𝜌 peak



𝑒+𝑒− → 𝜋+𝜋− accompanying 
measurements
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14

𝜎 𝑒+𝑒− → 𝜇+𝜇− 𝐶𝑀𝐷3/𝜎 𝑒+𝑒− → 𝜇+𝜇− 𝑄𝐸𝐷

+0.17 ± 0.16 %

Charge asymmetry in 𝑒+𝑒− → 𝜋+𝜋−

GVDM
dispersive



Anomalous 
magnetic 
moment of 
muon

The basics
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Ԧ𝜇𝑆 = 𝑔
𝑒

2𝑚
Ԧ𝑆

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 𝒂 with the theory 
prediction we probe extra contributions to a beyond theory expectations

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

contribution to 𝑎𝜇 by Τ𝑚𝜇 𝑚𝑒
2
∼ 43000

compared to 𝑎𝑒 𝑚𝑋

Δ𝑎 ∼
𝑚𝑙

𝑚𝑋

2

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

𝑚𝑙



Standard 
Model 
prediction 
for 𝑎𝜇
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𝑎𝜇 = 0.001 165 920 33 (62)

Electromagnetic 
interactions

Strong interactions Weak interactions

0.000 000 071 61 (62)

0.001 165 847 19 (0.2) 0.000 000 001 54 (0.4)

The uncertainty is dominated by contribution of strong interactions

𝑎𝜇 𝐻𝑎𝑑; 𝐿𝑂 = න𝜎𝑒+𝑒−→ℎ𝑎𝑑𝑟𝑜𝑛𝑠 𝑠 𝐾 𝑠 𝑑𝑠Dispersive approach:

???

WP2025

Physics Reports 1143 (2025) 1-158

Requires knowledge of 𝜎𝑒+𝑒−→ℎ𝑎𝑑𝑟𝑜𝑛𝑠 𝑠 from the threshold to few GeV

22 in experiment

𝜎 𝑒+𝑒− → 𝜋+𝜋− is responsible for ¾ of 𝑎𝜇 𝐻𝑎𝑑; 𝐿𝑂



Implications 
of CMD-3 
result
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Difference between 𝑎𝜇 𝑆𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑀𝑜𝑑𝑒𝑙 and 𝑎𝜇(𝑒𝑥𝑝𝑒𝑟𝑖𝑚𝑒𝑛𝑡)

From White Paper 2025



Ongoing measurements of 𝜎 𝑒+𝑒− → 𝜋+𝜋−
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New BABAR result seems 
to confirm previous BABAR result

New SND results seems to not contradict CMD-3

Preliminary
Preliminary



𝑒+𝑒− → 𝜋+𝜋−𝜋0 @CMD-3
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By-product of 𝑒+𝑒− → 𝜋+𝜋− analysis

Based on small subset of 𝑒+𝑒− → 𝜋+𝜋−𝜋0

sample (“collinear” selection cuts, 𝜋0 nearly 
at rest)

Estimated systematic error is 3.3%

2.2𝜎 tension with CMD-2 measurement

Dedicated analysis of full 𝑒+𝑒− → 𝜋+𝜋−𝜋0 is 
underway

Phys.Rev.D 109 (2024) 11, 112002



𝑒+𝑒− → 𝜋+𝜋−𝜋0 @SND
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Данные 2018 года: 66 пб-1 в 102 точках

Энергетический диапазон 0.56-1.1 ГэВ:
резонансы ,  и 

Статистика существенно превышает 
статистику ВЭПП-2М и BABAR

Систематическая ошибка:

• 0.9% на 𝜔

• 1.2% на 𝜑

• 1.5% между 𝜔 и 𝜑

Submitted



Preliminary 
results of 
amplitude 
analysis for 
𝜋+𝜋−𝜋+𝜋−

and
𝜋+𝜋−𝜋0𝜋0

@CMD-3
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Amplitude analysis allows to study dynamics and to reduce model error
Large statistics required

Amplitude analysis based on full statistics is under way for several channels



𝐾𝑆𝐾𝐿, 𝐾
+𝐾−

@CMD-3
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𝑒+𝑒− → 𝐾+𝐾− 𝑒+𝑒− → 𝐾𝑆𝐾𝐿

PLB 760 (2016) 314PLB 779 (2018) 64

1.8% systematic error2.0% systematic error

CMD-3 published 𝐾𝑆𝐾𝐿, 𝐾
+𝐾− at 𝜑 1020 only

The data analysis at energies above 𝜑 is ongoing 
for both channels

𝐾𝑆𝐾𝐿

Preliminary



𝑒+𝑒− → 𝐾+𝐾− near 𝜑 @SND
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𝑒+𝑒− → 𝑛ത𝑛 @SND
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Hadron 
production
in 𝑒+𝑒−

annihilation 
at 𝑁 ത𝑁
threshold

@CMD-3
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Detailed study of hadronic cross sections near 
𝑝 ҧ𝑝 and 𝑛ത𝑛 thresholds

3 𝜋+𝜋−

𝐾+𝐾−𝜋+𝜋−

2 𝜋+𝜋−

𝑝 ҧ𝑝

• sharp change in 𝑒+𝑒− → 𝑝 ҧ𝑝, 
3(𝜋+𝜋−), 𝐾+𝐾−𝜋+𝜋−

• width ~1 MeV – consistent with energy 
resolution

• no structure in 𝑒+𝑒− → 2 𝜋+𝜋− ?

PLB 794 (2019) 64

2017 data

x17 more data collected, finer scan, under analysis:
𝑝 ҧ𝑝 (including Τ𝐺𝐸 𝐺𝑀 ), 𝑛ത𝑛



Search for 
FCNC process

𝑒+𝑒− → 𝐷∗0

@CMD-3
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Sensitivity:

𝐵𝐷∗→𝑒+𝑒− ≥
4 × 10−10

𝜀∫ 𝐿𝑑𝑡 𝑝𝑏−1
×

𝜎2𝐸
Γ𝐷∗ 60 𝑘𝑒𝑉

SM prediction:
𝐵𝐷∗→𝑒+𝑒− ≈ 0.1 ÷ 7 × 10−19

BSM predictions:

𝐵𝐷∗→𝑒+𝑒−
𝑍′ < 2.5 × 10−11

CMD-3 has  collected 25 1/pb at 
𝐷0∗

𝐵 𝐷0∗ → 𝑒+𝑒− < 3.7 ⋅ 10−7

preliminary

JHEP 1511 (2015) 142

Room for several orders of magnitude improvement at STCF and VEPP-6



Next round of experiments at VEPP-2000
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Anomalous magnetic moment of muon
VEPP-2000 energy range is still interesting:
• Need 𝜎 𝑒+𝑒− → 𝜋+𝜋− with <0.2% precision (as well 

as other exclusive final states)
• Dynamics of 𝑒+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 (amplitude analysis)
• Rare processes

VEPP-2000 luminosity is still the highest in the world in 
its energy range. The precision is limited by detectors.

Now working on detector upgrades. 

~2030 – start data taking with upgraded detectors
From White Paper 2025

SM estimation of 𝑎𝜇 based on 𝜎 𝑒+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 is 

~3 times less precise than experimental value 



Proposed CMD-3 upgrades
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CMD-3 upgrades:

• New SC magnet

• New Z-chamber 

• New drift chamber

• New silicon vertex detector

• New electronics 



Proposed SND upgrades for 𝑛ത𝑛
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• New drift chamber
• New electronics
• Larger flight 

distance of neutrons

Dedicated 
measurement of 

Τ𝐺𝐸 𝐺𝑀 of neutron



VEPP-6
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 𝑒+𝑒− collider - 𝐽/𝜓 factory and beyond

o Beam energy from <0.5 to 1.6 GeV (𝐽/𝜓) (2.1 GeV)

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

o Located at BINP (Novosibirsk)

 General purpose detector

 Physics 

o 𝐽/𝜓 decays, physics of light hadrons

5 × 1011 𝐽/𝜓: 5 × 108 𝜂, 3 × 109 𝜂′, 1010 𝑎2/𝑓2, 

109 ΛഥΛ,…

o Baryon thresholds

o Measurement of 𝑒+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠, direct/ISR

𝑬, MeV 500 1000 1550 2100

𝚷, m 388

𝟐𝜽, mrad 50

𝜷𝒙
∗/𝜷𝒚

∗ , mm 150/3

𝑰𝒕𝒐𝒕, А 0.26 0.78 1.5 1.5

𝜺𝒙, nm 55 33 31 31

𝑻𝑻𝒐𝒖𝒔𝒄𝒉𝒆𝒌, s 900 900 1000 2000

𝓛,
𝟏𝟎𝟑𝟐𝒄𝒎−𝟐𝒔−𝟏

𝟏. 𝟕
DANE: 2-4

𝟐𝟓
VEPP-2000: 0.9

𝟏𝟓𝟎
BEPCII: 3.1

𝟐𝟎𝟎
BEPCII: 10

From A.Bogomyagkov



VEPP-6 and other 𝑒+𝑒− colliders
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L, 
1

𝑐𝑚2𝑠

Energy, 𝑠, GeV

SCTF/VEPP-6:

*𝜏𝑇 ≥900 sec

**𝜏𝑇 ≥300 sec



VEPP-6 physics program

• Physics of charmonium ( Τ𝐽 𝜓 , 𝜓′, ℎ𝑐 , 𝜂𝑐 , 𝜒𝑐 , …)
• Radiative and hadronic decays

• Spectroscopy of light hadrons

• XYZ physics with light quarks

• Search for glueball and hybrids

• Invisible decays (dark photon etc.)

• Physics of baryons
• EM form factors (including phase)

• Final state interactions near thresholds

• 𝑒+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠
• Measurement of R

• Exclusive final states: cross sections, dynamics 
via amplitude analysis

• Related to (g-2), 𝛼 𝑠 , pQCD tests, LQCD 
validation,…

• Additional possibilities
• 𝑒+𝑒− → 𝐷∗0

• 𝛾𝛾 → ℎ𝑎𝑑𝑟𝑜𝑛𝑠

• 𝜏 physics

• 𝑒+𝑒− → 𝐷𝐷,𝐷𝐷𝜋, 𝐷𝐷∗, …
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Comprehensive study of strong interaction in the least-known intermediate energy range 



Road to VEPP-6: VEPP-4C, CW test at 
VEPP-4M
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 Idea: use existing VEPP-4M facility and FF 

installation to perform comprehensive study of  

crab-waist technique (VEPP-4C)

VEPP-4M straight section is modified. 

Electrostatic separation of colliding beams. 

20-50x luminosity of VEPP-4M

 What can be tested

final focus elements, nonlinear beam dynamics, 

beam-beam effects, backgrounds,…

 Beneficial for all future collider projects, 

including STCF – topic for collaboration



Full-scale test of the final focus
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First stage of VEPP-4C is to build full scale 

prototype of VEPP-6 final focus

 Done: test of CCT lenses for FF

 Under development: technical design of the 

full FF installation

 Plan to build the full installation and to 

perform complete set of tests

Designed for VEPP-6, beneficial for STCF and 

other CW-based projects.



Conclusion
1. VEPP-4M and VEPP-2000 colliders at BINP cover wide energy range from 0.26 GeV to 9.5 

GeV. Three detectors, KEDR, CMD-3 and SND are taking data. 

2. Experiments at VEPP-2000 collected the world-largest sample of 𝑒+𝑒− → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 data 
below 2 GeV. Data analysis is under way, many results have been published. 

3. VEPP-2000 continues to be the highest luminosity collider in the world at energies below 
2 GeV. The new round of experiments is planed after upgrade of detectors, now in 
progress.

4. VEPP-6 is the flagship collider project at BINP aimed at detailed study of strong 
interactions of light hadrons and search of new phenomena. Physics program of VEPP-6 
is complementary to Super tau-charm and Super-B factories physics program.

5. We plan to use VEPP-4M infrastructure to perform comprehensive study of the crab-
waist beams collision technique (VEPP-4C project). It is beneficial for development of all 
future crab-waist-based colliders.
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