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CMD-3 
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 ∼ 5 mrad

• TOF

• Muon counters



CMD-3 
final states 
under analysis
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Signature Final states (preliminary, published)

2 charged 𝜋+𝜋−, 𝐾+𝐾−, 𝐾𝑆𝐾𝐿, 𝑝𝑝

2 charged + 𝛾’s 𝜋+𝜋−𝛾, 𝜋+𝜋−𝜋0, 𝜋+𝜋−𝜂, 𝐾+𝐾−𝜋0, 𝐾+𝐾−𝜂, 𝐾𝑆𝐾𝐿𝜋
0,

𝐾𝑆𝐾𝐿𝜂, 𝜋
+𝜋−𝜋0𝜂, 𝜋+𝜋−2𝜋0, 𝜋+𝜋−3𝜋0, 𝜋+𝜋−4𝜋0

4 charged 𝜋+𝜋−𝜋+𝜋−, 𝐾+𝐾−𝜋+𝜋−, 𝐾𝑆𝐾
±𝜋∓

4 charged + 𝛾’s 𝜋+𝜋−𝜋+𝜋−𝜋0, 𝜋+𝜋−𝜂, 𝜋+𝜋−𝜔, 𝜋+𝜋−𝜋+𝜋−𝜋0𝜋0,
𝐾+𝐾−𝜂, 𝐾+𝐾−𝜔

6 charged 𝜋+𝜋−𝜋+𝜋−𝜋+𝜋−, 𝐾𝑆𝐾
±𝜋∓𝜋+𝜋−, 𝐾𝑆𝐾𝑆𝜋

+𝜋−

6 charged + 𝛾’s 3 𝜋+𝜋− 𝜋0

Neutral 𝜋0𝛾, 𝜂𝛾, 𝜋0𝜋0𝛾, 𝜋0𝜂𝛾, 𝜋0𝜋0𝜋0𝛾, 𝜋0𝜋0𝜂𝛾

Other 𝑛𝑛, 𝜋0𝑒+𝑒−, 𝜂𝑒+𝑒−

Rare decays 𝜂′, 𝐷∗ 2007 0



2023 result
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arXiv:2302.08834arXiv:2309.12910

Submitted to PRL
Waiting for responses of 

referees after the first round 
of review/responses  

Submitted to PRD
Two rounds of reviews finished

Accepted



CMD-2
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Status of 
CMD-2 
reanalysis

 We are not doing CMD-2 reanalysis

 We don’t have means to do a full scale CMD-2 analysis

 We are focused in further development of CMD-3 analysis. As a by-
product, we’ll get insights about some possible CMD-2 issues.

 Subtraction of cosmic background

The methods used to count cosmic background events in CMD-2 and 
CMD-3 are different. The cosmic background in CMD-2 was much larger. 

We’ll get the estimation of systematic bias between CMD-2/CMD-3 
methods for CMD-3 environment. 

 Event separation based on energy deposition in CsI calorimeter 
(8X0)

CMD-3: LXe only (5X0) and full calo (13X0), observed very different 
behavior/systematics; working on simulation of CsI only (8X0), might be 
able to take CsI only data

CMD-2: CsI only (8X0), systematics were estimated 

 We think we understand differences in radiative corrections (and 
they are small)

 Results of these studies cannot be used to update CMD-2 data!
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Ongoing analysis
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Collected data
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The CMD-3 result is based on 3 data taking seasons: 2013, 2018, 2020

1 fb-1



Collected data
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2023 result (2013, 2018, 2020) Under analysis (above 1 GeV) 
(2019,2020,2021)

Problem with 
calorimeter 
electronics 

(2011, 2012)

Problem 
with angle 

measurement
(2017)

To be added 
to analysis
(2022, 2023)

More data to be collected (2024-2025)



Features of 
2019-2021 
analysis

 Energy range above 1 GeV

 Event separation: 
 energy deposition, using full calorimeter and machine learning

 will try: energy deposition, LXe only 

 will try: angle distribution (not enough statistics?)

 Number of 𝜇+𝜇− pairs is not measured – subtracted based on 
number of detected 𝑒+𝑒− pairs

 Angle measurement: 
 drift chamber charge division, calibrated by coordinate from LXe

calorimeter

 Aim for 1-2% systematics below 1.4 GeV, several % above 1.4 GeV
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2019-2021 
analysis

Event 
separation
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Energy deposition in LXe ML classifiers (BDT)

2E = 1400 MeV



2019-2021 
analysis

Event 
separation
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Distribution of classifier K++K-, used to separate  𝑒  𝜇 𝜋

Threshold

𝑁𝜋𝜋 +𝑁𝜇𝜇 +𝑁𝑐𝑜𝑠𝑚𝑖𝑐 𝑁𝑒𝑒

ML inputs: energy deposition in CsI and LXe, 
longitudinal and transverse profiles, angle



2019-2021 
analysis

Intermediate 
result
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Plans
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Ultimate goal 
for accuracy of 
hadronic cross 
sections
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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. 

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

To be sure in 𝑎𝜇 𝑆𝑀 the community needs:

• >1 measurement of hadronic cross section (𝜋+𝜋−) to ~0.2%
• lattice calculations to ~0.2%
• they agree
• independent input (MuONe) is very desirable



CMD-3 2023 
systematics
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0.2%
0.1%

0.2%

0.2%

0.1%

Original 
estimatesCMD-3 systematics (2023)

Key required detector improvements to reduce systematics
• polar angle measurement (Z-chamber broke in 2017)
• momentum resolution
Impossible to improve without detector upgrade.

Other (beyond detector) important required improvements: 
radiative corrections, nuclear interactions



Short-term 
plans (2024-
2025)

 We plan (already started) to collect more data below 1 GeV –
factor 2-3 more data

 The main goal is to get more data for non-dominant channels (3𝜋, 
4𝜋, conversion decays of 𝜔)

 We don’t expect to get better precision for 2𝜋, but will get data for 
more systematics studies – some moderate improvement is 
possible if systematic error is reduced

 We’ve developed new more sophisticated trigger electronics. It is 
under commissioning now, plan to use it as primary option 
starting from Fall 2024

 We’ll try to run with beams directions reversed (starting from Fall 
2024) – another systematics test 

 We are checking the possibility to collect data with CsI calorimeter 
only (by not filling up the LXe calorimeter). Problem: no means to 
calibrate Z in the drift chamber without LXe.
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Long-term 
plans (<2030)
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VEPP-2000 luminosity is high enough: it allows to perform new scan of 𝜌
energy region within ~1 year 

The goal is to reach ~0.2-0.3% in 𝜎 𝑒+𝑒− → 𝜋+𝜋−

We plan the following detector upgrades:
• new drift chamber with cathode strips at inner radius
• new Z-chamber at outer radius
• upgrade of electronics 

Many options are discussed: longer DC, larger DC, larger magnetic field,…

Continue data taking

Making new DC and ZC (and other upgrades)

Installations and commissioning



CMD-3 
upgrades
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new DC and ZC

new electronics 
of calorimeters 



Summary
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 The 2023 CMD-3 measurement of 𝜋+𝜋− cross section is fixed, 
no news there

 We are working on measurement of 𝜋+𝜋− cross section above 
1 GeV. At the moment it is based on 2019-2021 data, need to 
incorporate 2022-2023 data.

 We are taking more data below 1 GeV. It will allow to do 
additional systematics studies for 𝜋+𝜋− analysis.

 There is a program under development for CMD-3 upgrade 
over next 4-5 years, aimed at measurement of 𝜋+𝜋− cross 
section at the next level of precision


