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CMD-3
Detector
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* Magnetic field 1.0-2.3T
* 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
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Signature

Final states (preliminary, published)
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2023 result
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The cross section of the process ete™ — 777~ has been measured in the center of mass energy
range from 0.32 to 1.2 GeV with the CMD-3 detector at the electron-positron collider VEPP-2000.
The measurement is based on an integrated luminosity of about 88 pb™" out of which 62 pb™" con-
stitutes a full dataset collected by CMD-3 at center-of-mass energies below 1 GeV. In the dominant
region near g-resonance a systematic uncertainly of 0.7% has been reached. The impact of presented
results on the evaluation of the hadronic contribution to the anomalous magnetic moment of muon
is discussed.
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Status of
CMD-2

CEREIWSE
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* 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 Csl calorimeter
(8X,)

CMD-3: LXe only (5X,) and full calo (213X,), observed very different
behavior/systematics; working on simulation of Csl only (8X,), might be
able to take Csl only data

CMD-2: Csl only (8X,), 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 datal!
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Ongoing analysis
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The CMD-3 result is based on 3 data taking seasons: 2013, 2018, 2020
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Collected data
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More data to be collected (2024-2025) To be added

A

to analysis
(2022, 2023)

pb' per 50 MeV
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2023 result (2013, 2018, 2020) Under analysis (above 1 GeV)
(2019,2020,2021)
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* Energy range above 1 GeV

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

- will try: energy deposition, LXe only
FeatU res Of - will try: angle distribution (not enough statistics?)

2010-2021 » Number of u* ™ pairs is not measured — subtracted based on
: number of detected e*te™ pairs
analysis "

* 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

Ivan Logashenko (BINP) CMD2/3 report
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2019-2021
analysis

Event
separation
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Data

Simulation

2E = 1400 MeV

Energy deposition in LXe
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2019-2021
analysis

Event
separation
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ML inputs: energy deposition in Csl and LXe,

longitudinal and transverse profiles, angle

Distribution of classifier K++K-, used to separate e/u/m
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Plans
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Ultimate goal
for accuracy of

hadronic cross
sections
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0, (BSM) + Aa, (BSM) = [a,(exp) — a,(SM)] + \/Aaﬂ(exp)z + Aa, (SM)?

Aa,(BSM) determines the power of a,, as test of theoretical models

Reduction of Aa,,(BSM) is of great importance for flavor physics

had,LO

FNAL expected precision of 140 ppb corresponds to ~0.25% of a,

Hadronic contribution: a, (had) = [ 0,+,-_5(s) K(s) ds
Need to measure a(e*te™ — H) to ~0.2% in order to match FNAL precision.

To be sure in a,(SM) the community needs:
* >1measurement of hadronic cross section (t*m ™) to ~0.2%
» lattice calculations to ~0.2%
* they agree
* independent input (MuONe) is very desirable

CMD2/3 report
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CMD-3 2023

systematics
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Original

CMD-3 systematics (2023) estimates

x Radiative corrections 0.2% (2m) ® 0.2% (Fm) & 0.1% (e+e-) 0.1%

X e/u/m separation 0.5 (low)-0.2 (p) - 0.6 (9) % 0.2%

x Fiducial volume 0.5% / 0.8% (RHO2013) 0.2%

x Correlated inefficiency 0.1 (p) - 0.15%(>1 T'3B) 0.1%

x Trigger 0.05 (p) - 0.3% (>1 T3B)

x Beam Energy (by Compton o< 50 keV) 0.1% (out of resonances), 0.5% (at w, ¢ -peaks) 0.2%

* Bremsstrahlung loss 0.05 %

X Pion specific loss 0.2% nuclear interaction

0.2%(low) - 0.1% (p) pion decay
0.8% (low) - 07%(p) - 1.6% (o) |
11% (low) - 09% (p) - 2.0% (9) (RHO2013)

Key required detector improvements to reduce systematics
* polarangle measurement (Z-chamber broke in 2017)

* momentum resolution

Impossible to improve without detector upgrade.

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

CMD2/3 report
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- 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 (37,
41, conversion decays of w)

- We don't expect to get better precision for 2m, but will get data for
more systematics studies —some moderate improvement is
S hOrt'term possible if systematic error is reduced

pla NS (2024' - We've developed new more sophisticated trigger electronics. It is
under commissioning now, plan to use it as primary option
2025) 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 Csl calorimeter
only (by not filling up the LXe calorimeter). Problem: no means to
calibrate Z in the drift chamber without LXe.

Ivan Logashenko (BINP) CMD2/3 report
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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 p
energy region within ~1 year

The goal isto reach ~0.2-0.3%ino(e*e™ » n¥m™)

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, ...

)

01.2024 01.2025 01.2026 01.2027 01.2028 01.2029

Continue data taking N

N

Making new DC and ZC (and other upgrades)

N

7

Installations and commissioning

~ 7
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10

new electronics
of calorimeters
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* The 2023 CMD-3 measurement of ¥~ cross section is fixed,
no news there

» We are working on measurement of T ¥~ 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 m ¥~ analysis.

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