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Number of bunches 2 x 2 E=15Gev 10% em™“c

Beam energy 1-+5 GeV J

Energy determination

@ Resonant depolarization technique:
Energy interpolation accuracy 10 = 30 keV

@ Infra-red light Compton backscattering :
Systematic uncertainty is about 70 keV




R(s) measurements at low s

s (GeV)
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KEDR Status and plans

1. ~2 pb-1 collected in range of 2E= 1.9 - 3.7 GeV with step ~100

MeV.
2. Data analysis in process, preliminary results in range of

2E=3.1-3.5 GeV are presented in figure below (stat. errors only).
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3. In this year we plan to take 2 pb-1 additional statistics for the
energy range 2E=3.1-3.7 GeV, to get 1.5% statistical error in each data
point. Machine and detector are in preparation to scan energy up to 2E
= 8 GeV (and later to 10 GeV).

4. Double tag system for scattered e+ and e- is ready for yy physics



Measurement of ¢(2S) parameters
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Phys. Lett. B 711 (2012), 280-291
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M = 3686.114 + 0.007 + 0.011 79992 MeV
[ee X Bhadrons = 2.233 % 0.015 = 0.037 = 0.020 keV



KEDR 2012 KEDR 2012
BES2 2008 BES2 2008 »
BES2 2006
E835 2007
BES2 2002
DASP 1979 BES2 2002
. MRKI 1975 + E760 1993
| | | | | | | T
1.8 2 2.2 2.4 2.6 200 250 300 350 400
Lec (¥(25)), keV [ (¥(25)), keV
Using BfPG = 0.9785 + 0.0013 and BFP¢ = 0.00772 + 0.00017
[ee = 2.282 + 0.015 + 0.038 £ 0.021 keV
=296 +2+8+3keV




Measurement of 1)(3770) parameters
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Ambiguity of ¢(3770) resonance parameters
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VEPP-2M collider complex

(1974-2000)

ILU 3 MeV
LINAC CMD-2 Detector RF

B-3M 200 MeV
Synchrobetatron
BEP 900 MeV
. e" e booster

e+ Detector

(]
Ly

Electron-positron convertor
* High luminosity: L=5x1030cm-2s:
* Radiative polarization
» Spin precession frequency measurements
+ p.o.e. K", K’ mass measurements
» e*e” anomalous magnetic moment comparison (10-11)
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Overview of VEPP-2M results
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More BaBar data are available
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to obtain R in the energy range 1-2 GeV the processes
ot 3, i 4mY, KK, KK, KK oo, KK ot?
remain to be measured See talk by A. Hafner




Hadronic contribution to muon g-2
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Error dominated by the E<2 GeV region
-- VEPP-2M, BaBar, KLOE significantly reduced errors

— Additional KLOE data (?)

— BaBar will provide more multihadrons, perhaps Belle
— < 1% systematic error for most of the channels is needed!



VEPP-2M  vw===> VEPP-2000

(2000-2007)

¢ E=1GeV (per beam)
¢ L=1x103%2?cm?sec! (1x1 bunch)



Increasing of Luminosity

(J Number of bunches (i.e. collision frequency)
L Bunch-by-bunch luminosity

_ ]Tyzg/\gygx f 1+ O—y II‘ Round Beams:
LB, Y

L_ 2 =2
. Ay sef

rj/g’*

v'Geometric factor (gain=4) J

v'Beam-beam limit enhancement (gain~4)
v'IBS for low energy? worth life time!

(V.V.Danilov et al., EPAC’96, Barcelona, p.1149, (1996))



VEPP-2000

Integrated luminosity ~ 100 pb! per detector/year

Total integrated luminosity with all detectors on VEPP-2M ~ 70 pb!
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Experiments at VEPP-2000

Energy Energy step, | Integrated
Region, GeV | MeV luminosity, pb-’
(per detector)
scan2010 1.1-1.9 100 3
scan2011 1.05-2.0 25 25
scan2012 1.4-2.0 10 15
scan2013 0.32-1.05 5-10 25
g 10° N
§ : W (I) Effective luminosity
> I L] | L ~ 60 pb' / detector (all seasons)
S10°} H== o F I 8.3pb"'  w-region
o B THh 5 5 9.4 pb?  <1GeV (excluding w)
= | 8.4 pb @ - region
102 | 34.5pb"  >1.04 GeV
410-

400 600 800 1000 1200 1400 1600 1800 2000
2E, MaB
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Luminosity for the «round beams»

1 032

Theoretical beam-beam effect limit for

1020 | 8
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Dots are average luminosity for 10% of best runs of CMD-3 data
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Beam energy measurement at VEPP-2000

(back scattering laser light)

Laser Radiation from points A and C at

Lenses

R -9\ ¢ = 0 interfier
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Infrared radiation

3M1

HPGe detector > /\\'\\ ' -

e beam

Compton
backscattered
photons

E=993.662 £ 0.016 M3B
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M.N. Achasov et al. arXiv:1211.0103v1 [physics.acc-ph] 1 Nov 2012



Beam energy measurement at VEPP-2000

® Magnetic field control in bending magnets
® 8x2 NMR probes, continuous control
® Absolute calibration using: Methods comparison:

¢-meson (1019.455 + 0.020 MaB), m-meson (782.65 +
0.12 MaB).

NMR, Compton, RD compare Ne1

509.70 |-

® Measurement of photon energy from back 500.60 vvvvvvvv o ..... + ......... ...... o
scattering laser light w90 el

® Installed in 2012. u | | | | | |
509.30 [~ | : R - . fe
® Needs beam current (20 MA), ~20-50 keV accuracy in 10 509.20 __ ............................... e — i ..... 4
. _ 10 || Taser —m— | 5 5
® Energy control during data taking. 2210 1] depol @ ‘
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® Resonance depolarization method 45835 [ e + :
® Very high accuracy (8E/E < 10-°). 45825 || depol @] 5
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® Special Conﬁguration of VEPP-2000: “warm” optics 1400 1500 16:00 1700 1800 1900 2000 21:00 2200 2300
without CMD-3 field. |



VEPP-5 INJECTION COMPLEX

Energy compressor
/

Photo gun

Thermionic gun
\

300 MeV Linac
= O i O = =

Spectrometer

ovrio
System

to VEPP-2000

510 MeV Linac

Positron production target

S S

Parameters at Eveam = 510 MeV

Number of electrons per bunch 2-1010
Number of positrons per bunch 2-1010
Repetition rate 1 Hz
Electron bunch enerav spread 0.07%
Positron bunch enerav spread 0.07%
Vertical emittance 5-10- m-rad
Horizontal emittance 23-10-? m-rad




Physics program at VEPP-2000

1. Precise measurement of the quantity
R=o(e+e > hadrons)/ o(e+e>u+u~) - GOAL <1% systematic for major channels
2. Study of hadronic chr»rele

e+e > 2h, 3h, 4h ..., h g L ® BABAR
3. Study of ‘'excited’ vec £ | .
4. CVC tests: compariso s o: %‘ﬁ A DMI
cross section with t- £ Dr 3 ey
5. Study of nucleon-ant **%ﬂg & B0
nucleon electromagne 2| ¢.{;¢,
search for NNbar re  <uepp2000> $”+.E_i++
6. Hadron production in | et
(ISR) processes ’ s a5 T | 3
7. Two photon physics Mpp (OVIE)
8. Test of the QED high order processes 2->4,5

Two detectors have been build for the study
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ete’—=wn’—n’n’y

‘ND for Ec.m.=1,05- 2,00 NB.

Analysis completed. Published:

M.N. Achasov, et al., «Study of e*e—wn°—n°n’y in the energy range
1.05 - 2.00 GeV with SND», Phys.Rev. D88 (2013) 054013.

a [ [ I I A
€ l + 4 | Sum of p, o/, p/ with
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E (Geb) fo(1350), f2(1270)

Cross section for e*e—wn°—mn’n°y.



s e*e'—ny for Vs = 1,07 — 2,00 I'B.

ch SNDdata | Sum of p(770), (782), $(1020) and

= i i . .

% 0.06 — | oweso) - / p(1450) n ¢(1680) with interference

S o4 7 About 30 events 1y above 1,15 GeV, can only be

explained by p(1450) and ¢$(1680) mesons.

0.02 i

It is first observation of radiative decays
of p(1450) and ¢$(1680) mesons

I T L L L
1.2 / 1.4 1.6 1.8 2
p(770), ©(782) n $(1020) 2E_ (GeV)

Peak cross sections
o(e*e—p(1450)—ny)=57+10+7 pb u o(e*e—§(1680)—ny)=52+17+15 pb

are much larger of theoretical predictions from quark model:
about 15 pb for p(1450) and about 10 pb for ¢(1680).

Paper has been sent to the journal
Plan to study the process e* e —1)y.
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ete—mtw e for Vs = 1,05 — 2,00 GeV.

Two intermediate states:
. e'e— w, ¢, 0/, w/— pr — xR (dominant).
. ete— p, o/, p/— n’— wtunC.

* Based on detection of mw*myy

e Selections use kinematic fit.
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Cross section for ete—n*nn°.



Detection of w*myy.
Kinematic fit is used.

ete'—m*nm for Vs = 1,08 — 2,00 GeV.
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l‘"b ete—ntnn®n® for Vs = 1,05 — 2,00 GeV.

Intermediate states:
. e'e— p, p/, p/l— wn°— Tt T°n°,

+,- ! Al & +.20 0t +p=mrOrr© .
. e'e™—=p, p/, p’—= a,(1260)*— p*n°n*— W n°N’, Detection of mw*myyyy events. Plus
+ .- N/ - +e=rO.O . . pen - .
e€e—>p, P, P =PP=ANTR, kinematic fit in **x'n°n® hypothesis
. e*e'— p, p/, p/— £,(980)p°— w*wn’nC.
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ete’— p pbar

Candidate event
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s . Cross section for e*e'—>nn.

Cross section for e*e™—>pp. — T T T
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Conclusions & Plans for SND

The data taking runs have been performed with SND at

VEPP-2000 in the range 0.32 - 2.0 GeV with ~ 70 inv. pb
Preliminary results on hadron cross sections have been obtained

(ete> wn®, mrr n°, mr mPn®, n rt*m, ppbar, nnbar)

To analyze the full recorded statistics

To upgrade the SND electronics and reconstruction procedure
To continue data taking runs



stic Detector-3

6 - electromagnetic calorimeter LXe
7 - electromagnetic calorimeter CsI
8 - yoke

9 - VEPP-2000 solenoid
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Particle ID: Timing Counter (SCiG)
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Data taking history

Collected 1/nb Collected GBytes
“**F 60690.81/nb

36706.1.GB

8 w
S  GBytes
o o
(=) o

BV o1
Date
HIGH2011 HIGH2012 PHI/OMEGA/RHO2013
12.2010-06.2011  02.2012-04.2012 11.2012-06.2013

22 1/n6 14 1/n6 251/n6




last scan in 2013

Collected 1/nb

0.958 3B

N
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Collinear events in CMD-3 (E,
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We plan precision measurements of the e*e-

Average momentum (MeV)

Average momentum (MeV)

-> P-P*, K*K", t*m” processes in all energy range
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1

Luminosity measurement

We use two processes to measure luminosity: €*e- -> e+e- and e*e™ -> yy

Very different detection, trigger, reconstruction

We have good overall agreement
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One of the most important result expecting from CMD-3 and SND

Largest contribution to (g-2) calculation

Expected statistical uncertainties

da,(BNL) = 0.54 ppm

da,(theory) = 0.12 ppm

27 contribute * 0.27 ppm
Aa,(exp—th) =33+3.60

T

0.07 : 5
- CMD3

osii N =CMD2
o |~ BaBar

A olo . per 20 MeV

o
(=
o
I 5P e e P |
i i

Fermilab experiment 0.03
(2016-2020):

P B B
P . i'!!'li

0.02
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001 L i |

a4 A bk sdadudeds dh o fededudntedidsBemenilededode dids dede ‘5“_““::} :id
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Vs, GeV

Our goal is to reach systematic uncertainties = We expect systematic accuracy for 2013 data
at the level of 0.35% comparable with other data
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Preliminary results for the e*e” -> PbarP study (1)

Number of |
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Preliminary results for the e*e” -> PbarP study (2)

Angular distribution gives information for the | GE/GM| ratio:

r— 2-5 L L DL L L N LN |
1Gx|? < sin? © & : —— BABAR ]
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We need more than factor of 10 in statistic



Example of e*e ->4 charged tracksin CMD-3

Ec.m.=1.8 GeV
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Preliminary results for the e*e -> 2(mt*mt”) study

We have relatively clean selection of 4 and 3 charged pions

|

Polar angle for 4 good tracks | | Polar angle for 3 good tracks |
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Statistical errors are at the level of 1-2% per point.

Systematical errors are under investigation.
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Preliminary study of the e*e” -> 't process

Preliminary mass distributions study:

[ 2x vs 21 mass for all combinations |
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a,(1260), a,(1320) ?

We confirm a,(1260)rt dominance. Some other
states (p(770)f,(600), p(770)f,(980)) are seen,

but small.
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m(n®nPnt) (MeV)

m('w®) (MeV)

Preliminary study of the e*e” -> st '’ process

Looking for two ntV in addition to two charged tracks. The nt? efficiency is under investigation.
Preliminary mass distributions study:
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First look to the ete -> 2(mt*nt”)nt" process

We look for the itV in addition to four “good” tracks satisfying energy-momentum conservation

[ 2PiPi0 vs 2Pi mass for all combinations | [ 2Pi mass for Omega combinations |
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Detailed analysis is coming....



Results for the e*e” -> K*K m*mr study

Preliminary
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Analysis is close to publication



Example of e*e ->atn wtn wtn from CMD-3




Results for the e*e -> 3(xt* ) study

Other data for ete  -> 3(mt*m")
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Published: Phys.Lett. B723 (2013) 82-89 0.5




Preliminary results for the ete” -> 2(rt*tnt’) study

We have relatively clean selection of 2 and 1 7t° in addition to four charged tracks
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w1, o1, p4m intermediate states are seen, systematic errors are under study.

More details in P.Lukin talk



\ Summary

* VEPP-4M and KEDR detector continue deliver
precision measurements. R-scans up to 8-10 GeV have been

planned. Double tag Yy physics is in preparation
‘New generation of detectors, CMD-3 and SND, perfectly matches
the rich physics potential of VEPP-2000.

« L~2x103! cm-1sec-? has been reached so far - positrons limited.
About 60 bp-! per detector have been collected.

* "Unlimited” positron source is in preparation. Hope for X10 in

luminosity and statistic.

* Both detectors are upgrading to accept higher luminosity.

* First results are published, many preliminary results are in

preparation for publications.

* Upgraded machine and detectors plan to start working with beams

at the end of 2014.



