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VEPP-2000 and CMD-3VEPP-2000 and CMD-3

    CMD-3

VEPP-2000VEPP-2000

Collision time –82ns
Beam current – 200 мА
Beam energy dispersion – 0.7 MeV
Project luminosity:
L = 1032 см-2с-1  at  2.0 GeV
L = 1031 см-2с-1   at 1 GeV
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LuminosityLuminosity
    Percise luminosity measurement is a key part for many 

experiments which study the hardrinic cross sections on е+е- 
colliders.

    One of the physical aim of VEPP-2000 Collider is the 
measurement of total cross section е+е-  → hardrons. 

    Integrated luminosity is deternined  by using of two QED 
processes: 

e+e- → e+e-  

e+e- → γγ

   N — number of registered events  

   σ — visible cross section

   ε — efficiency of registration, selection and event reconstruction



  

e+e- →  e+e-

- 2 collinear tracks

- total charge = 0

-  || φ1-φ0|-π | < 0.15 rad

-  |  θ1 + θ0 -π| < 0.25 rad

- π-1.0rad > (θ0 +(π- θ1))/2 > 1.0 rad

- Ebeam/2  <  P2,P1   

- Ebeam/2  <  E2,E1  <  3*Ebeam/2
m.i.p.(μ, π, K)

e+e-

E=950 MэВ

Events selectionEvents selection

e+e-, m.i.p.

cosmic μ



  

e+e- →  γγ
- No central tracks in the chamber  

- 2 collinear clusters in Ecal

-  || φ
1
-φ

0
|- π | < 0.2 rad

-  |  θ
1
 + θ

0
 -π| < 0.6 rad

- π-1.0 rad > (θ
0
+(π-θ

1
))/2 > 1.0 rad

- E
beam

/2 < E
2
,E

1
< 3*E

beam
/2

E=950 MэВ

γγ

Δφ Δθ

Events selectionEvents selection



  

Efficiency of detection, reconstruction and Efficiency of detection, reconstruction and 
selection of events selection of events 

e+e- →  e+e- :  ε = εDC εTr. (1+δpipe ) (1+δΘ )(1+δz)

e+e- →  γγ  :  ε = εLxe εN.Tr. (1+δpipe ) (1+δΘ )

1) εDC - Two tracks reconstruction efficiency in drift chamber(DC) (~99.9%)

2) εLxe- Cluster reconstruction efficiency in calorimeter  (~99.5%)

3) εTr. - Trigger efficiency (~99.8%)

4) εN.Tr. - Nutral trigger efficiency (~99%)

5) δpipe  - Correction related to event loss in the wall of the vacuum 
chamber(~1.2%)  

6) δΘ - Correction related to the DC angular resolution (~0.2%)

7) δz-Correction related to the DC z-coordinate calibration (~0.5%)



  

DC Z-coordinate scaleDC Z-coordinate scale

Deviation (Zzc - Zdc VS Zzc) is plotted.

SIM

EXP

2012
2011

2013



  

DC theta systematicDC theta systematic

1 - Lee1.1 / Lee1.0

1 - Lee1.2 / Lee1.0 1 - Lee0.95 / Lee1.0

+0,5%
-0,2%

+0,2%

 Luminosity measurement precision is 
mainly determined by  polar angle 
systematic.

 Ratio of luminosity measured at 
different polar angles(0.95, 1.0, 1.1 и 1.2 
rad) is plotted for theta syatematic 
estimation. 



  

Systematic errorsSystematic errors

Source \ run 2011 2012 2013

Rad. corrections 0,2% 0,2% 0,2%

Separation errors 0,2% 0,2% 0,2%

Beam energy 0,8% 0,27% <0,05%

Vacuum champer 0,2% 0,2% 0,2%

Trg. Efficiency and 
track reconstruction

<0,1% <0,1% <0,1%

Θ distribution 0,5% 0,5% 0,6%

Total (max.) 1 % 0,7% 0,7%



  

Luminosity ratioLuminosity ratio

Scan2012 (above φ) run2013

Scan2011(above φ)

Luminosity ratio calculated by using of 
e+e- and γγ is shown in the graphs.

0.3±0.2 %

0.1±0.2 %



  

ConclusionConclusion

1) Luminosity measurement technique is 
developed for two processes e+e- → e+e- and  .

2) Procedure for monitoring DC calibration is 
developed (DC Z-scale).

3) Luminosity measurement accuracy at the 
moment is 1%.
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VEPP 2000VEPP 2000

ROUND BEAMS! 

Collision time – 82 ns

Beam current – 200 мА

Beam energy dispersion – 0.7 MeV

Project luminosity:

L = 1032 см-2с-1  at  2.0 GeV

L = 1031 см-2с-1   at 1 GeV
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betatron

BEP
e+,e

booster
825 MeV SND
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Collected luminosityCollected luminosity
Total collected luminosity for 2011-2013 is  ~ 59 pb - 1 

8.3 pb- 1  — ω-meson region

8.4 pb-1  — φ-meson region

35 pb-1  — > 1.04 ГэВ

Current systematic error ~ 1.5 %



  

Eevents loss on the vacuum pipeEevents loss on the vacuum pipe

e+e- →e+e- γ
(1.0 - 1.2 ±0.3 %)

ε pipe=
N pipe

N total e+e-→γγ

γ →e+e-

(1.1-1.6 ±0.3 %)
N real=

N
1−ε pipe



  

DC angular resolutionDC angular resolution

Δσ
σ

=A (θ ) σθ
2

      
The systematic error due to the DC 
angular resolution:

For σ
θ
 ~ 0,01 rad, correction ~ 0,1%      
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Two track reconstruction efficiencyTwo track reconstruction efficiency

     e+e- test events are selected according to 
the following criteria:

1)  |θ1 lxe + θ0 lxe - π| < 0.3 rad

2)  | |φ1 - φ0 - π| - φrot | < 0.03 rad

3) Ebeam/2  <  E2,E1  <  3*Ebeam/2

4) π - 1.0 rad  >  ( θ0 +(π- θ1))/2  >  1.0 rad

γγ

e+e-

17

ε DС=
N 2track
 

N total



  

Beam energy measurement in run2011 and Beam energy measurement in run2011 and 
run2012run2012

Measurement accuracy:

2011:  ΔE ~ 3 MeV
2012:  ΔE ~ 1 MeV
2013:  ΔE ~ 0.1 MeV



  

ConclusionConclusion

1) Разработана процедура измерения интегральной 
светимости по двум процессам e+e- → e+e- и  .

2) Разработана методика измерения энергии пучков в 
заходах 2011 и 2012 г.

3) Разработана процедура учета «плавного изменения» 
масштаба z-координаты ДК.

4) Систематическая ошибка измерения светимости на 
текущий момент составляет 0.7% (цель -0.3%).

5) Всего в заходах с детектором КМД-3 набрано 59 пб-1. 



  

QED checkQED check

π   μ    e

E 
beam

 =250 MeV
Nμμ/Nee/QED

Compatible with QED
at the level of 0.5 %

e+e- →  μ+μ-

This method works at E
beam

< 0.33 GeV
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