
R measurements at KEDR
Tatyana Kharlamova 
for the KEDR collaboration
28.02.2024



Collider VEPP-4M

Beam energy measurement:

• Resonant depolarization method

Instant measurement accuracy 1 keV

Energy interpolation accuracy 10-30 keV

• Infrared light Compton backscattering

Monitoring with accuracy 100 keV

Beam energy                      1 – 5 GeV

Number of bunches            2 x 2

Luminosity at 1.5 GeV      2·1030 cm-2 s-1

Luminosity at 5.0 GeV      2·1031 cm-2 s-1
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KEDR detector

1. Vacuum chamber
2. Vertex detector
3. Drift chamber
4. Threshold aerogel counters
5. ToF counters
6. Liquid krypton calorimeter
7. Superconducting coil
8. Magnet yoke
9. Muon tubes
10. CsI calorimeter
11. Compensating s/c solenoid 
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Motivation of R measurement

𝑅 =
𝜎(𝑒−𝑒+ → ℎ𝑎𝑑𝑟𝑜𝑛𝑠)

𝜎(𝑒−𝑒+ → 𝜇−𝜇+)
≈

In first approximation:

𝑅 𝑠 ≃ 3 ෍𝑒𝑞
2

R(s) is used to determine:
• 𝛼𝑠 𝑠
• (𝑔𝜇 − 2)/2

• 𝛼 (𝑀𝑍
2)

• 𝑚𝑞
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Predictions
Naive quark model: 𝑐𝑟𝑜𝑠𝑠 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝜎 𝑒−𝑒+ → 𝑞ത𝑞 =

4𝜋𝛼2 σ 𝑒𝑞
2

𝑠
=

4𝜋𝛼2𝑁𝑐 σ 𝑒𝑞
2

3𝑠

𝑎𝑛𝑑 𝑟𝑎𝑡𝑖𝑜
𝜎 𝑒−𝑒+ → 𝑞ത𝑞

𝜎 𝑒−𝑒+ → 𝜇−𝜇+
= 𝑁𝑐෍𝑒𝑞

2

𝑅0 𝑠 =
𝜎 𝑒−𝑒+ → ℎ𝑎𝑑𝑟𝑜𝑛𝑠

𝜎 𝑒−𝑒+ → 𝜇−𝜇+
= 𝑁𝑐෍𝑒𝑞

2

At energy 𝑠 ≳ 1.02 GeV (u, d, s) :            𝑅 ≈ 3 ( Τ2 3)
2+( Τ1 3)

2+( Τ1 3)
2 = 2

At energy 𝑠 ≳ 3.77 GeV (u, d, s, c) : 𝑅 ≈ Τ10
3

At energy 𝑠 ≳ 10.58 GeV (u, d, s, c, b) :  𝑅 ≈ Τ11
3

𝑅 𝑠 = 𝑅0 𝑠 1 + 𝐶1
𝛼𝑠

𝜋
+ 𝐶2

𝛼𝑠

𝜋

2
+ 𝐶3

𝛼𝑠

𝜋

3
+ 𝑂 𝛼𝑠

4

At 𝑛𝑓 = 4 ∶ 𝐶1 = 1, 𝐶2 = 1.525, 𝐶3 = −11.686
L. R. Surguladze, M. A. Samuel, Phys.Rev.Lett. 66 (1991) 560-563
S.G. Gorishny, A.L. Kataev, S.A. Larin, Phys.Lett.B 259 (1991) 144-150
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R measurements 

KEDR 
experiment
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R measurement between 1.8 and 3.8 GeV 

at KEDR -1 

𝑠, GeV Npoints න𝑳𝒅𝒕, 𝒑𝒃−𝟏 Unc., % Ref.

1.84 – 3.05 13 0.66 ≤ 3.9 total

(≈2.4 syst.)

V.V. Anashin. Phys.Lett. B 770 

(2017) 174

3.08 – 3.72 9 2.7 ≤ 2.6 total

(≈1.9 syst.)

V.V. Anashin. Phys.Lett. B 788 

(2019) 42
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https://www.sciencedirect.com/science/article/pii/S0370269317303477
https://www.sciencedirect.com/science/article/pii/S0370269317303477
https://www.sciencedirect.com/science/article/pii/S0370269318308505
https://www.sciencedirect.com/science/article/pii/S0370269318308505


R measurement between 1.8 and 3.8 GeV at KEDR - 2 

V.V. Anashin. Phys.Lett. B 770 (2017) 174

V.V. Anashin. Phys.Lett. B 788 (2019) 42

M. Ablikim et al. (BESIII)
Phys. Rev. Lett. 128, 062004
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R scans at KEDR 2019-2020
• 2E = 4.69 – 6.98 GeV 
• Integrated luminosity 13.7 pb-1

17 energy points 
with a step ∼ 0.15 GeV
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R measurement at Crystal Ball
• 2E = 5.0 – 7.4 GeV 
• Integrated luminosity 4.2 pb-1

• 15 energy points

Statistic uncertainty ~ 0.9%

SLAC-PUB-5160, 1990.
https://doi.org/10.17182/hepdata.18758
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Determination of R ratio

𝑅 𝑠 =
𝜎𝑜𝑏𝑠
𝑚ℎ 𝑠 − 𝜎𝑒𝑒→𝑒𝑒 𝑠 − 𝜎𝑒𝑒→𝜇𝜇 𝑠 − 𝜎𝑒𝑒→𝜏𝜏 𝑠

𝜀 𝑠 (1 + 𝛿 𝑠 )𝜎𝜇𝜇
0

𝜎𝑜𝑏𝑠
𝑚ℎ 𝑠 =

𝑁𝑚ℎ−𝑁𝑏𝑘𝑔

𝐿
- observed hadronic cross section

𝑁𝑚ℎ - number of selected events

𝑁𝑏𝑘𝑔 - residual machine background

L – integrated luminosity

𝜎𝑒𝑒→𝑒𝑒 𝑠 - contribution from the process 𝑒𝑒 → 𝑒𝑒 (< 0.01 %)

𝜎𝑒𝑒→𝜇𝜇 𝑠 - contribution from the process 𝑒𝑒 → 𝜇𝜇 (~ 0.01%)

𝜎𝑒𝑒→𝜏𝜏 𝑠 - contribution from the process 𝑒𝑒 → 𝜏𝜏 (~ 0.2%)

𝜀 𝑠 - detection efficiency

1 + 𝛿 𝑠 - ISR correction factor

𝜎𝜇𝜇
0 =

4𝜋𝛼2

3𝑠
Born cross section 
for process e+e- → μ+μ-
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Hadron selections
▫ PT and ST triggers
▫ At least 2 tracks from IP (ρ < 1.5 cm, 

|z0| < 10 cm, Pt > 100 MeV)
▫ At least 5 particles in detector;   
▫ Fox-Wolfram moments

H2/H0<0.9;
▫ Eγ

max<0.35 Erun
▫ Evis>0.4 Erun
▫ ELKr>0.4 Ecal
▫ Pz

miss<0.3 Erun
▫ Veto from muon system

~5k events at each point
~ 100k events in total
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Simulation of hadronic decays at 7 GeV

Experimental distributions 
and tuned JetSet MC

Fair agreement of 
simulation with data is 
obtained
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Simulation of hadronic decays at 7 GeV - 2 

Experimental distributions 
and tuned JetSet MC

Fair agreement of 
simulation with data is 
obtained
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Luminosity measurement

The absolute luminosity was 
calculated using e+e− events in 
the barrel LKr calorimeter

Selection criteria:
≥ 2 photons registered in LKr calorimeter
E1+E2 > 2 GeV
Ecal –(E1+E2 )<0.1 Ecal
∆θ ≤ 15°, ∆ϕ ≤ 15°
Sphericity <0.05

Expected 
systematic uncertainty ~ 1%
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ISR correction calculation
1 + δ 𝑠 = ׬

𝑑𝑥

1 −𝑥

𝐹(𝑠,𝑥)

|1 −П( 1−𝑥 𝑠)|2
𝑅( 1−𝑥 𝑠)𝜀( 1−𝑥 𝑠)

𝑅(𝑠)𝜀(𝑠)

compilation of the vacuum polarization data by the 
CMD-2 group
S. Actis, et al.
Eur. Phys. J. C, 66 (2010), p. 585 1-x

𝑠, 𝐺𝑒𝑉

R(s)

𝑅 𝑠 = −
3

𝛼
𝐼𝑚 Пℎ𝑎𝑑𝑟(𝑠)

Пℎ𝑎𝑑𝑟(𝑠) - hadronic part of the 
vacuum polarization
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R measurement between 3.8 and 7.0 GeV

Expected total uncertainty is about 3 % (systematic uncertainty about 2.5%).
Results shown are very preliminary. MC is tuned at several energy points.
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Conclusions
• KEDR has measured the R values at 22 center-of-mass 

energies between 1.84 and 3.72 GeV. 

• Analysis of data in the energy range between 4.56 and 
6.96 GeV is ongoing, expected accuracy is less than 3%.
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Systematic uncertainties (KEDR)
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R measurement between 1.8 and 3.8 GeV at KEDR - 3 
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Simulation of hadronic decays at 5.160 GeV

Experimental distributions 
and tuned JetSet MC

Fair agreement of 
simulation with data is 
obtained
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R measurement at Crystal Ball - 2

LUND 4.3 simulation
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R measurements
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R measurements
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