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( )/ of muon

• , is calculated by integrating
experimental

• Magnetic moment of Dirac
particle: = ,
gyromagnetic factor for
point-like fermions =2

= ( )( )
= 3 ( )

• Higher order contributions make muon
magnetic anomaly ( 2)/2 0

arXiv:1706.09436v1
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High precision hadronic cross sections 
measurements in Ecm < 2 GeV 
are needed 6
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Perspectives for muon (g-2) measurements

Experiment: (FNAL) –> 0.14 ppm
J-PARC (Japan)  –> 0.1 ppm

The muon g-2 superconducting coil rolls toward Wilson Hall 
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VEPP-2000 overview
Design parameters @ 1 GeV

Circumference 24.388 m
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The concept of Round Colliding Beams

• Head-on collisions!

• -functions at IP: 

• Equal beam emittances:

• Equal fractional parts of betatron tunes:

x y

x y

x y

Axial symmetry of counter beam force   + X-Y symmetry of transfer matrix IP2IP

Round beam

Mx = My

Lattice requirements:

03/16

L.M. Barkov, et. al, Proc. HEACC’89, Tsukuba, Japan, p.1385.
S. Krishnagopal, R. Siemann, Proc. PAC’89, Chicago, p.836.
V.V. Danilov et al., EPAC’96, Barcelona, p.1149.
S. Henderson, et al., Proc. PAC’99, New York, p.410.

Additional integral of motion (angular momentum Mz = x y - xy )

Particle dynamics remains nonlinear, but becomes 1D 



2010-2013 

2020
= 0.175  = 0.125/IP
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VEPP-2000 complex upgrade
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VEPP-2000 complex upgrade
(2014-2017)

1 GeV
new RF

magnets
26 Gs



CMD-3 detector & physics program

DC

ZC

LXe

CsIBGO

TOF

Mu

TTT

C

e

• Precise measurement of = ( )( ) to achieve <1% systematic for major channels

• Study of exclusive hadronic channels of annihilation, test isotopic relations

• Study of the “excited” vector mesons: , , , …
• Study of G /G for nucleons near threshold

• CVC tests: comparison of isovector part of ( ) with decay spectra

• Diphoton physics (e.g. production)

DC

SC solenoid

29



SND detector

04.07.2018

1 – beam pipe, 2 – tracking system, 3
– aerogel Cherenkov counters , 4 –
NaI(Tl) crystals, 5 – phototriodes, 6 –
iron muon absorber, 7–9 – muon
detector, 10 – focusing solenoids.

QCD2018 30

NIM A449 (2000) 125-139



Energy measurement by Compton back scattering

31

E = 993.662±0.016 MeV

By =0 radiation from A and C 
points are interfered

E = 993.662±0.016 MeV

In few points this method have been controlled by 
the resonant beam depolarization



CMD-3: overview of datataking

2010-2013 runs
region , pb(782) 8.3< 1 GeV (w/o ) 9.4(1020) 8.4> 1.04 GeV 34.5

Total 60

, MeV

Lu
m

in
os

ity
, 1

/c
m

2 s

2010-2013
2017-2018

2017-2018 runs
region , pb2.007 GeV (e e D ) 4

threshold scan 14
Overall 1.28 2.007 GeV 50

< 1.0 GeV > 50
Total ~100



E = 240 MeV, 
Ibeam ~ 5 5 mA

0.17 0.2 0.25

0.17 0.2

0.17 0.2

Pickup spectrum of the coherent oscillations

Coherent beam-beam -mode 
interaction with machine 
nonlinear resonances?

“Flip-flop” effect
TV
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BeamShaker

Typical values:
50-100 V, 300 ns, 50 s

(Trev = 81.4 ns)

Experimentally: permanent excitation of “strong” beam size prevent it from shrinkage to 
natural value during injection cycle of “weak” beam, or whatsoever. Very effective 
suppression of flip-flop meta-stable states.
In addition large emittance results in a lifetime enhancement.

Kicked bunch oscillations lots decoherence very fast in the presence of counter beam’s 
strongly nonlinear field. Weak and fast kicks should effectively increase the emittance 
similarly to quantum excitation by wiggler.

At low energies emittance growth is available up to 
aperture restriction. That allow with the same 
beam-beam parameter (particles density) increase 
the beam current and luminosity.

09/16



Shaking @ pickup
Pickup signal, without counter beam, 360 MeV

Pickup signal, with strong counter beam, 274 MeV

70 m

@ 274 MeV:

x = 250 m @ pickup

damp = 130 ms = 1.6×106 turns

100 turns

Periodically excited 
oscillations gives the 
line spectrum

10/16



Coherent beam-beam spectrum

0

0 0

arccos(cos( )
2 sin( )) / = 0.21 = 0.17/IP

Here the Yokoya factor Y = 1, due to fast kick method of eigen modes excitation and due 
to short period analysis (studied @ VEPP-2M; simulated for VEPP-2000 by D.Shatilov)

= 0.135, = 0.345

12/16



Luminosity and beam-beam parameter
392 MeV*

*24
e nom

nom
nom

N r

*

*24
e nom

lumi
lumi

N r

0
0*2 *4

lumi

e nom

NfN N
L f

r

2018

2013

- normalized beam current

- “beam-beam parameter”
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Data collection CMD-3 luminosity,
averaged over 10% 
of best runs

2017-2018 data

Highest luminosity achieved
Lpeak = 5×1031 cm 2s 1

@ 550 MeV
13/16

2017-2018 data



L,
 1

/p
b

1-2 GeV 
scan

0.36-1 GeV 
scan

, 1.28-2.007 GeV 
scan

0.55-1 GeV 
scan

upgrade

2011 2012 2013 2014 2015 2016 2017

CMD-3: overview of datataking

• Data taking will be continued to collect ~1 fb in the next 5-10 years
39



Total luminosity integral

, NN D*0

Lowest energy ever obtained in e+e colliders
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• CMD-3 and SND has taken >300 pb of data in the whole energy range0.32 2.0 GeV and will take ~2 fb in the next years

• The detector subsystems upgrades are planned (endcap and barrel
coordinate counters, possibly a new drift chamber)

• New particle identification technique based on the dE/dx in 14 layers of
LXe-calorimeter has been developed, and will be applied in the next
seasons for , , 2 , ± final states analyzes

• This is just a beginning, do not oversleep new interesting results from us!

41
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Thank You for Your Attention!

Stay tuned!



Backup slides
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at
• The final result published in PLB 760 (2016) 314-319

• Systematic precision ~1.8%

44



: pion formfactor measurement

momentum-based
energy deposition-based

• In both cases 2D-bin-likelyhood function is constructed, its minimization gives /
• The projections of the fitting functions after minimization:

fit

data

cosmics

momentum-based energy deposition-based

data
fit

• Additional test - measurement:

• Currently the systematics is estimated to be 0.4-0.9%
(momentum-based) and 1.5% (energy-deposition
based), the goal is – 0.35%

45



at
• The final result published in PLB 779 (2018) 64 • Comparison with other experiments:

• Systematic precision ~2.0%

• CMD-3 results are above CMD-2 and BaBar, but are
consistent with isospin symmetry:= = 0.990 ± 0.017

46



Scanning of threshold
• The 2011-2012-based results cross section measurements and the results for 

ratio were published (PLB 759 (2016) 634). In 2017 a more thorough threshold scan 
was performed:

BaBar
CMD3 2011-2012
CMD3 2017

A.I. Milstein and S. G. Salnikov, arXiv:1804.01283v1 [hep-ph]
V. F. 200 Dmitriev, A. I. Milstein and S. G. Salnikov, Phys. Rev. D93, 034033 201 (2016)
A. I. Milstein, S. G. Salnikov, Nucl.Phys. A966, 54 (2017)

• A solid curve shows the prediction from recent works:

47

arXiv:1808.00145[hep-ex]
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• The final result published in PLB 760 (2016) 314-319

• Systematic precision ~1.8%
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CMD-3 Performance (2011-2013)
• 1.0-1.3 T magnetic field
• Tracking: 100 , 2 3 mm
• Combined EM calorimeter (LXE, CsI, 

BGO), 13.5 / 3% 10%5 mrad

/
/

Beam energy, MeV

Beam energy, MeV

Beam energy, MeV

, mm
calorimeters

49



( ) & threshold
• The 2011-2012-based results were published in PLB 723, 82 197 (2013), new data 

confirm the drop of the cross section at threshold 

BaBar
CMD3 2011-2012
CMD3 2017

CMD3

“born cross section” level

“born cross section.”, convolved with ISR F(s,x)
structure function & beam energy spread

• Curious thing: we 
see no drop in ( 2( ))

BaBar
CMD3

50



& threshold

• We see the drop in ( )!
CMD3

• The major intermediate states were found to be
• (500) & (980) ,  
• 770 , 
• ( 1270,1400 ) ( (892) )
• ( 1400 ) ( 770 ) • Their relative amplitudes were found 

from the unbinned fit of the data:

CMD3

(892) 770(1020)

51



,

obtained from the fitThe parameters of
Parameter Value

parameters from fit

• The dominant mechanism was found to be (1680) => the case for (1680)
parameters measurement from cross section fitting

• was considered as a recoil particle: 

Similarly the ( (782))was measured:

( )data
total MC data

total MC

52



• Study of 2 2 in the range 
(PLB 768 (2017) 345–350)

• Search for (958)
(PLB 740 (2015) 273–277)

• Measurement of and (782) cross sections:

53

B( e+e-)  < 1.2 10-8 (90%CL)  - CMD-3
B( e+e-)  = 3.7 10-11 - Theory



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

54
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