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About 10 papers are published. More than 20 exclusive e+e- -> hadrons cross sections are under study.
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First energy scan 2010-2012

Physics Letters B 723 (2013) 82–89 

-- Confirm structure in the e+e- -> p+p-p+p-p+p-
reac@on at the NNbar threshold

-- It does not look like an interfrrence of
an under-threshold resonance with con@num

-- First look to the produc@on dynamics

The e e → 3(π π ) cross sec@on measured with the CMD-3 detector at VEPP-2000 (dots). 
The results of the BaBar measurement [2] are shown by open circles. 
The line shows the pp ̄ threshold. 

22 pb-1



NNbar threshold scan - 2017 data 
20+50 pb −1

An@-protons close to the produc@on 
threshold are seen as an annihila@on 
star at the vacuum beam pipe (or in the 
DC inner wall)+ large energy deposi@on 
in the calorimeters. 

Above 1900 we see collinear PPbar
tracks in DC

~2 pb-1/point

Phys. Lett. B 794 (2019) 64–68 

Theory:
A.I. Milstein, S.G. Salnikov, 
Nucl. Phys. A 977 (2018) 60.

Nucleons are formed from the quarks
in e+e- -> NNbar and at the threshold
are slow, and the produc@on is
influents by a final state  strong
interac@ons at small distances. 

Geen points – BaBar data
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NNbar threshold in hadronic reac5ons 

σthr = 0.18±0.27 MeV

Energy spread ~ 1 MeV

Phys. Lee. B 794 (2019) 64–68 

The idea, that signal in the hadronic 
cross sec@on is propo@onal to the 
annihila@on rate of NNbar to this final 
state does not work!? 

Are there any indica@ons for other 
hadronic cross sec@ons?

Simultanious fit with
PPbar by exponen@aly
rising (drop) func@ons
gives: 

Consistent with zero within
uncertainty in energy due to
beam spread and radiative
corrections.

No signal for the e+e- -> p+p-p+p- reac@on
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Openning NNbar real 
reac@on reflects in XS drop
in mul@hadron produc@ons 



New scans 

- Scan 2019 – from 1.4 to 2.0 GeV c.m. 28 points with ~2 pb-1/point                               40.462 pb-1

- Scan 2020 – from 1.870 to 1.935  GeV – 5 points with 10 pb-1/point                             46.870 pb-1

- Scan 2021 – from 1.935 to 2007 GeV – 4 points with 10pb-1/point (24 pb-1 at 2007) 48.400 pb-1

- Scan 2021-2022 at NN threshold and below to 1.600 Gev: 282.844 pb-1

18 point at the threshold with ~1 MeV step – 10 pb-1/point (x5 to 2017 scan)
13 points below threshold with 10 MeV step – 5-10 pb-1/point

- Scan 2023 – from 1.600 down to 1.400 GeV – with ~10pb-1/point                            176.860 pb-1

We plan to study the energy behavior of many hadronic reactions 
And in particular at the NNbar threshold
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595.4 pb-1
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Energy measurement
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Star'ng from 2012, energy is monitored con'nuously using Compton backsca=ering

MeV

Light from A and B interferes

From the fit parameters, the beam
energy and beam energy spread are
calculated.
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Seasons /

NNBAR2021

935.0 MeV

948.75 MeV

NNBAR2021 compton pictures https://cmd.inp.nsk.su/~compton/pictures/plots.php?se...

1 of 10 4/13/22, 11:40

951.0 MeV

954.0 MeV

NNBAR2021 compton pictures https://cmd.inp.nsk.su/~compton/pictures/plots.php?se...

2 of 10 4/13/22, 11:40

950.0 MeV

953.0 MeV

NNBAR2021 compton pictures https://cmd.inp.nsk.su/~compton/pictures/plots.php?se...

3 of 10 4/13/22, 11:40

952.0 MeV

947.5 MeV

NNBAR2021 compton pictures https://cmd.inp.nsk.su/~compton/pictures/plots.php?se...

4 of 10 4/13/22, 11:40

945.0 MeV

943.5 MeV

NNBAR2021 compton pictures https://cmd.inp.nsk.su/~compton/pictures/plots.php?se...

5 of 10 4/13/22, 11:40

942.0 MeV

941.0 MeV

NNBAR2021 compton pictures https://cmd.inp.nsk.su/~compton/pictures/plots.php?se...

6 of 10 4/13/22, 11:40

940.2 MeV

939.6 MeV

NNBAR2021 compton pictures https://cmd.inp.nsk.su/~compton/pictures/plots.php?se...

7 of 10 4/13/22, 11:40

938.9 MeV

938.3 MeV

NNBAR2021 compton pictures https://cmd.inp.nsk.su/~compton/pictures/plots.php?se...

8 of 10 4/13/22, 11:40

937.5 MeV

935.0 MeV

NNBAR2021 compton pictures https://cmd.inp.nsk.su/~compton/pictures/plots.php?se...

9 of 10 4/13/22, 11:40

Energy control during data taking at each point

Green bands – are the es@mated uncertainty
in the energy ~50-60 keV
Excelent ! machine stability

Energy measurement each 20 minutes

The energy spread is also measured 
for each energy point
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New ppbar detailed threshold scan 
An@-protons close to the produc@on 
threshold are seen as an annihila@on star 
at the vacuum beam pipe (or in the DC 
inner wall)+ large energy deposi@on in the 
calorimeters.

We plot radius of the vertex with >2 tracks 
and energy deposi@on  > 500 MeV  

In progress…

First peak – radius of the aluminum vacuum pipe Rvp = 1.7 cm, (0.5 mm)
Second peak – inner wall of the DC carbon fiber RDC = 2.1 cm (0.25mm)

1870 MeV 1875 MeV

1940 MeV
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Rvp=1.7 cm RDC=2.1 cm

🔵 - events on vacuum pipe 
🟥 - events on DC inner wall
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GE/GM measurement
ppbar events polar angle distribution for Ec.m. = 1980 MeV,
and fit with sum of expected distributions with GE=0 and GM=0 

PRELIMINARY
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nnbar producAon
nnbar events are detected as a large energy single cluster in the calorimeters
with delay @ming in the TOF system, rela@ve to the beam crossing.
Cross sec@on is small and selec@ons should suppress 5 orders of magnitude
of backgrounds, mainly from the cosmic events.

935 MeV 945 MeV

960 MeV 970 MeV

Peak at 0 is from Bhabha events

Analysis is in progress.  Major problem comes from the efficiency calculation

SessionRAS, Solodov

Time rela@ve to beams crossing, ns
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Example of  e+e- -> p+p-p+p-p+p- from CMD-3
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First look to e+e- → 3(p+p-) reac5on (new data)

PRELIMINARY

Scan 2019
Scan 2020
Scan 2021
Scan 2022
Scan 2023
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Unfolding of beam energy spread and radiative effects

30% drop with 1.91+-0.15 MeV shape at 1877.9+-0.13 MeV  



1600 1650 1700 1750 1800 1850 1900 1950 2000
Ec.m., MeV

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35, n
b

0 π0 π))− π+ π
 2

(
→− e+

(e
vi

s
σ

How about other reac5ons? 
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First look to visible (number of events/luminosity) cross sec@ons (no correc@ons)

We confirm, that  e+e- -> 4p2p0 (is dominated by e+e- -> w3p !) and e+e- -> K+K-p+p- reacEons 
demonstrate structure in the cross secEons at the NNbar threshold

e+e- -> w3p (wh - excluded)
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Expect signal in other reacAons?
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It is natural to expect signal in other hadronic reacEons 
to be proporEonal to the NbarN annyhilaEon rate to this final state

Shown – the annyhilation rate to 1- - (photon QNs) is relatively small,
But not negligible! 

PbarP annyhila@on rates



How about other reac5ons?
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First look to visible (number of events/luminosity) cross sec@ons (no correc@ons)
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Nothing is seen for the e+e- -> p+p-p+p- and e+e- -> p+p-p0p0 reac3ons !!
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How about other reac5ons?
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First look to visible (number of events/luminosity) cross sec@ons (no correc@ons)

Nothing is seen for the e+e- -> p+p-p+p-p0 and e+e- -> p+p-p+p-h reac3ons !!
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How about other reac5ons?
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First look to visible (number of events/luminosity) cross sec@ons (no correc@ons)

Nothing is seen for the e+e- -> p+p-p0 , e+e- -> p+p-h, and e+e- -> p+p-p0h reac3ons !!
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CONCLUSION
• New small-step energy scans have been performed at  the VEPP2000 e+e- collider 

with the significantly increased (x5) integrated luminosity.
• First preliminary results from CMD-3 confirms a fast cross secIon changing  in 

the e+e- ->ppbar, e+e- -> 3(p+p-), 2(p+p-)2p0 and K+K-p+p- reacIons at the 
NNbar threshold. Explained by theory. Can we extract any useful parameters? 
• NO other hadronic reacIons  exhibit structure at the NNbar threshold in the e+e-

collisions. Why? Ideas are needed. 
• May be the quesIon is – why step is so large in the e+e- -> 3(p+p-) reacIon?
• We plan to invesIgate this effect,  study the cross secIon and producIon 

dynamic for the hadronic reacIons.
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THANK YOU
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