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𝜎(𝑒$𝑒% → ℎ𝑎𝑑𝑟𝑜𝑛𝑠) and the hadronic 
contribution to 𝑎/

QUARKS-2018 International Seminar

So far, the hadronic contribution 
to 𝑎/is calculated by integrating 
experimental cross-section 
𝜎 𝑒$𝑒% → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 .

Weighting function ~1/𝑠, 
therefore lower energies 
contribute the most.

Many sources of data:

• Novosibirsk: CMD-2 and SND 
(VEPP-2M), CMD-3 and SND 
(VEPP-2000)

• Factories: Babar, KLOE 

• BES-III, KEDR
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𝑅 𝑠 =
𝜎(𝑒$𝑒% → ℎ𝑎𝑑𝑟𝑜𝑛𝑠)
𝜎(𝑒$𝑒% → 𝜇$𝜇%)

Δ𝑎/ 𝑒𝑥𝑝 − 𝑡ℎ = 287 ± 80 ⋅ 10%AA (DHMZ’12) 
corresponds to 

4.15 ± 1.15 % ⋅ 𝑎/
FGH,JK

FNAL expected precision of 140 ppb 
corresponds to 0.25% ⋅ 𝑎/

FGH,JK



VEPP-2000 (2010-2013)
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C.m. energy range is 0.32-2.0 GeV; unique optics – “round beams”
Design luminosity is 𝐿 = 10MN1/𝑐𝑚N𝑠 @ 𝑠� = 2 GeV

Experiments with two detectors, CMD-3 and SND, started by the end of  2010

Beam energy  
by Compton 
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Detector CMD-3
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Collected luminosity in 2011-2013

QUARKS-2018 International Seminar

The luminosity was limited by a deficit of
positrons and limited energy of the booster.

In 2013 we reached 2 × 160 MeV, the
smallest energy ever measured at ee colliders

The VEPP-2000 upgrade has started in 2013.

Beam energy, 2E, MeV

Lu
m

in
os

ity
, 1

/c
m

2 s

Energy 
ramping

Limited e+

production

CMD-3 data, 
average per run

About 60 pb-1 collected per detector

𝜔(782) 8.3		1/𝑝𝑏

2𝐸 < 1	GeV (except 𝜔) 9.4		1/𝑝𝑏

𝜑(1019) 8.4		1/𝑝𝑏

2𝐸 > 1.04	GeV 34.5		1/𝑝𝑏
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VEPP-2000 upgrade (2013-2016)

VEPP-5 
INJECTION
COMPLEX

250 m beamline250 m beamline

Collider upgrades:
• x10 more intense positron source
• booster up to 1 GeV (match VEPP-2000)

CMD-3 upgrades:

• New electronics for Lxe calorimeter
• New TOF system
• DAQ and electronics upgrades

New injection complex

Detectors resumed data taking by the end of 2016
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2017 data taking

In 2017: big improvement in luminosity

Above 1 GeV: ~50 pb-1 collected

2.007	GeV	(e$e% → D_∗) 4		1/𝑝𝑏

𝑝�̅� and 𝑛𝑛b threshold 14		1/𝑝𝑏

Overall:

1.28 − 2.007	GeV 50		1/𝑝𝑏

9

Beam energy, 2E, MeV

CMD-3 data, average per run
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2017-2018
2011-2013

Below 1 GeV: >50 pb-1 collected and
counting

0.55 − 1.00	GeV > 50		1/𝑝𝑏

VEPP-2000 Luminosity, 1/cm2s



Overview of CMD-3 data taking runs
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Exclusive channels 𝑒$𝑒% → ℎ𝑎𝑑𝑟𝑜𝑛𝑠
At VEPP-2000 we do exclusive measurement of 𝜎 𝑒$𝑒% → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 .

• 2 charged
𝑒$𝑒% → 𝜋$𝜋%, 𝐾$𝐾%, 𝐾f𝐾J, 𝑝𝑝

• 2 charged + γ’s
𝑒$𝑒% → 𝜋$𝜋%𝜋_, 𝜋$𝜋%𝜂, 𝐾$𝐾%𝜋_, 𝐾$𝐾%𝜂, 𝐾f𝐾J𝜋_, 𝜋$𝜋%𝜋_𝜂,

𝜋$𝜋%𝜋_𝜋_, 𝜋$𝜋%𝜋_𝜋_𝜋_, 𝜋$𝜋%𝜋_𝜋_𝜋_𝜋_

• 4 charged
𝑒$𝑒% → 𝜋$𝜋%𝜋$𝜋%, 𝐾$𝐾%𝜋$𝜋%, 𝐾f𝐾∗

• 4 charged + γ’s
𝑒$𝑒% → 𝜋$𝜋%𝜋$𝜋%𝜋_, 𝜋$𝜋%𝜂, 𝜋$𝜋%𝜔, 𝜋$𝜋%𝜋$𝜋%𝜋_𝜋_, 𝐾$𝐾%𝜂, 𝐾$𝐾%𝜔

• 6 charged
𝑒$𝑒% → 𝜋$𝜋%𝜋$𝜋%𝜋$𝜋%

• γ’s only
𝑒$𝑒% → 𝜋_𝛾, 𝜂𝛾, 𝜋_𝜋_𝛾, 𝜋_𝜂𝛾, 𝜋_𝜋_𝜋_𝛾, 𝜋_𝜋_𝜂𝛾

• other
𝑒$𝑒% → 𝑛𝑛, 𝜋_𝑒$𝑒%, 𝜂𝑒$𝑒%

published
in progress
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CMD-3 published results from 2011-2013

PLB 723 (2013) 82

3(𝜋$𝜋%)

𝐾$𝐾%𝜋$𝜋%
PLB 756 (2016) 153 

𝑝𝑝

PLB 759 (2016) 634

𝐾f𝐾J
PLB 760 (2016) 314

𝐾$𝐾%

PLB 768 (2017) 345

𝜋$𝜋%𝜋$𝜋%

𝜋$𝜋%𝜋_𝜂
PLB 773 (2017) 150

PLB 779 (2018) 64
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CMD-3 preliminary results from 2011-2013

Peter A. Lukin Recent results from CMD-3 QUARKS-2018 International Seminar 13



More CMD-3 preliminary results from 2011-2013
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𝐷𝑜𝑚𝑖𝑛𝑎𝑛𝑡	𝐶ℎ𝑎𝑛𝑛𝑒𝑙: 𝑒$𝑒% → 𝜋$𝜋%	. 	Statistics
Statistical accuracy Δ𝜎/𝜎 in 20 MeV bins

Already collected x2-3 data in 2017-2018
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𝑒$𝑒% → 𝜋$𝜋%: systematics
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𝐾f𝐾J and 𝐾$𝐾% @𝜑(1020)
𝐾f𝐾J

Phys.Lett. B760 (2016) 314-319

Recent result from CMD-3:

• 𝐾f𝐾J at 𝜑,	systematic precision 1.8%
• 𝐾$𝐾% at 𝜑,	systematic precision 2.0% (2.8%)

𝐾$𝐾%
Phys.Lett. B779 (2018) 64-71
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𝐾$𝐾%: comparison with other 
measurements

𝐾f𝐾J at 𝜑 is consistent between different experiments, but there is discrepancy 
in 𝐾$𝐾% channel.
New CMD-3 𝐾$𝐾% cross-section is above CMD-2 and BaBar, but is consistent 
with isospin symmetry:

𝑅 =
pqrsrt

pqrurv w xq
�

= 0.990 ± 0.017

Possible explanation: CMD-2 trigger correction was underestimated; due to 
different trigger configuration there is no such correction at CMD-3  
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𝐾f𝐾J and 𝐾$𝐾%: 𝜌 −𝜑 interference

𝑅z {⁄ = 𝜎 𝑒$𝑒% → 𝐾$𝐾% ×
𝑝~�
M (𝑠)
𝑝~±
M (𝑠)

×
1

𝑍(𝑠)
− 𝛿×𝜎 𝑒$𝑒% → 𝐾f𝐾J

𝜌 − 𝜑 interference can be directly observed:

• 𝑟�,� = 0.91 ± 0.04	

deviation of SU(3) relations
𝑔�~s~t = 𝑔�~s~t = −𝑔�~s~t 2�⁄

• 𝛿 = 0.989 ± 0.003

test of systematic errors
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𝑒$𝑒% → 𝜋$𝜋%𝜋_𝜂
First measurement of total 𝑒$𝑒% → 𝜋$𝜋%𝜋_𝜂 cross section. Systematic error is 15%.

Phys.Lett. B773 (2017) 150-158

2011
2012
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Dynamics of 𝑒$𝑒% → 𝜋$𝜋%𝜋_𝜂

At “low” energies dominated by
𝑒$𝑒% → 𝜔𝜂, 𝜑𝜂

At “high” energies dominated by
𝑒$𝑒% → 𝑎_ 980 𝜌

We see non-𝜔,𝜑, 𝑎_ contribution
Possible mechanism:

𝑒$𝑒% → 𝜔 1650 →
𝜌 1450,1700 𝜋 → 𝜌 770 𝜂𝜋

𝜔𝜂 𝜑𝜂

𝑎_𝜌 non−𝜔,𝜑, 𝑎_
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𝑅 s at 𝑁𝑁b threshold

𝑝�̅� threshold

One of first results from CMD-3:
• Sudden drop of 𝑒$𝑒% → 3(𝜋$𝜋%) cross section at 𝑁𝑁� threshold
• Confirmed, that 𝑝�̅� production cross section increases quickly at threshold
• Preliminary studies of dynamics of 𝑒$𝑒% → 3 𝜋$𝜋% , hint of energy 

dependent dynamics in 1.7-1.9 GeV energy range

PLB 723 (2013) 82
𝑒$𝑒% → 3(𝜋$𝜋%)

𝑝𝑝

PLB 759 (2016) 634

BaBar
CMD-3
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2017: 𝑒$𝑒% → 3 𝜋$𝜋% at 𝑁𝑁b threshold

In 2017, CMD-3 collected 13 1/pb in 
the narrow energy range around 𝑁𝑁�
threshold

• the sharp rise of 𝑒$𝑒% → 𝑝�̅� cross-
section is confirmed

• the sharp drop of 𝑒$𝑒% → 3(𝜋$𝜋%)
cross-section is confirmed

• we see the similar cross-section 
drop in other channels

3(𝜋$𝜋%)

𝑝�̅�

𝑝�̅�
𝑛𝑛b

BaBar
CMD-3 (2011-12)
CMD-3 (2017)
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NN threshold in 2(p+p-) reaction
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Conclusion
• The goal of the CMD-3 experiment at the VEPP-2000 is to 

provide exclusive measurement of 𝑒$𝑒% → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 from 
0.32 to 2.0 GeV

• In 2011-2013 CMD-3 has collected 60 pb-1 in the whole 
energy range 0.32 ≤ 𝑠� ≤ 2.0 GeV, available at VEPP-
2000. 

• In 2013-2016 the collider and the CMD-3 detector have 
been upgraded and the data taking was resumed in 2017
and > 100 pb-1 were collected so far. 

• Data analysis of exclusive modes of 𝑒$𝑒% → ℎ𝑎𝑑𝑟𝑜𝑛𝑠 is in 
progress. Many results have been published.
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Backup slides
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CMD-3 Performance (2011-2013)
• 1.0-1.3 T magnetic field
• Tracking: 𝜎�� ∼ 100	𝜇, 𝜎� ∼ 2 − 3	mm
• Combined EM calorimeter (LXE, CsI, 

BGO), 13.5 𝑋_
Ø 𝜎�/𝐸 ∼ 3%− 10%
Ø 𝜎� ∼ 5 mrad

Δ𝑝/𝑝

Δ𝐸/𝐸

Beam energy, MeV

Beam energy, MeV

Beam energy, MeV

Δx, mm
calorimeters
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New TOF system

LXe outer shell

Strip scintillation counters

“Old” TOF
2012-2013

Beam axis

“New” TOF (2017-)

In 2013-2016 the TOF system was completely replaced
• More granulated (16 counters → 175 counters)
• 0.8 ns resolution per counter
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Energy measurement
Starting from 2012, energy is monitored continuously using Compton backscattering

MeV
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