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Review of R value measurements  



What is R Value
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The Born cross section of e+e annihilation into hadrons normalized by 
theoretical m+m- cross section.

Feynman diagram of R value

Groups ever measured R value： BESII，VEPP， DANE，DM2，DASP，
PLUTO，Crystal-Ball，MARKI，MARKII，CLEO-c，AMY，JADE，TASSO，CUSB，
MD-1，MARKJ，SLAC-LBL，MAC， 2，KEDR
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Why R value important?  It is an input parameter of the SM
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Review of R value measurements 

PDG2000

 Few groups
 Few energy points
 Large errors
 Ambiguous line-shape
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Review of R value measurements 
PDG2018

 KEDR’s results included:
 Ruds  RpQCD at 2 GeV  
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Review of R value measurements 

KEDR:  

 Small Nhad < 1000 

 ssta ssys

 Small total error !

9.45 %
5.09 %
4.43 %
3.98 %
3.94 %
3.65 %
3.79 %
3.79 %
3.81 %
3.61 %
3.60 %
3.66 %
3.91 %

2.92 %
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R value measurements at BESII 

◇ Nhad  1000                s/R  8 %
★ Nhad  300  2000     s/R  7 %
● Nhad  2000 ~ 8000    s/R  3.5%

BESII:
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Data samples of R scan at BESIII 



Main projects of BESIII Physics

BESIII 
physics

Charm

Uncharm



R&QCD

Mass

Decays 

Light hadron spectrum J/ data

Charmonium(2S) data

D physics(3770) line shape scan

Heavy charmonium

(4040)
(4190)
(4415)
X, Y, Z…
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Line 
shape 
scan

R(s) fine scan at (u,d,s) energies

QED & QCD (s),  (g-2)m
Inclusive distributions
Exclusive distributions
Correlation functions
Form factors
Fragmentation functions 



Status of R&QCD  data taking

 Phase I:  test run (2012)

@  Ecm =  2.232, 2.400, 2.800, 3.400 GeV , 4 energy points, 12/pb

 Phase II:  fine scan for heavy charmonium line shape  (2014)

@ 3.800   4.590 GeV, 104 energy points,  800/pb

 Phase III: R&QCD scan (2015)

@ 2.000  3.080 GeV, 21 energy points,  500/pb

11R value line shape has scanned in whole BEPCII energies. 
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Status of R value measurement 



R value measurement with data

Nhad observed hadronic events 

Nbg background events 

L       integrated luminosity 

had detection efficiency for hadronic events

1+ radiative correction factor 

smm Born cross section of m pair production in QED 
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In experiment, R values are measured with

Tasks in experiment:



The efficiency and ISR factor correction

Observed cross section (no physics)：

Efficiency correction:

 total cross section (physics)

 R value:

ISR factor (1+) correction: 

 Born cross section 
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BESII
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Present status of R value measurement

Nhad , Nbg  event selection: 

below open charm finished, above open charm in progress.

L    integrated luminosity: 

finished, error ~ 1%.

had  hadronic generator: LUARLW:

parameters are tuned, cross checks, large systematic error source? 

1+  theoretical calculations: 

finished, error < 1.5%, including contribution of s0
had

Error analysis:  

 final goal R/R ~2.53.0%.

 Results below open charm being reviewed in BESIII Collaboration. 15
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Radiative correction 
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Initial state radiation correction 

 ISR factor

 ISR error

Radiator:

CPC (HEP&NP)25,(2001)701

Nucl. Inst.rum Meth. 128 (1975)13
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Theoretic cross section and ISR factor 

Hadronic Born and total cross section Initial state radiation factor (1+)

 The FD and SF schemes are compared numerically

 FD and SF are consistent within theoretical accuracy in non-resonant region

CRYSTABALL: SLAC-PUB-4160 (1986)T/E , SLAC-PUB-5160, (1990), T/E

CPC (HEP&NP)25,(2001)701           

WU: CPC(HEP&NP) 14, (1990)585

KUREAV&FADIN:  Sov. J. Nucl. Phys. 41,  (1985) 466

Structure function:
(SF)

Feynman diagrams:
(FD)

The case now
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Hadronic generator 
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The generators used in R measurement

m－,－

m＋,＋

processes generators

e+e-→e+e- BABAYAGA (OK) 

e+e-→μ+μ- BABAYAGA (OK)
e+e-→τ+τ- KKMC           (OK)

e+e-→γγ BABAYAGA (OK) 

e+e-→e+ e- X  TWOPHOTON 

e+e-→hadrons LUARLW

(need check)

(optimized/tuned)
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Simulation of hadron production and decay 

Hadron production at vertex:  
LUARLW

Particles decay: 
LUARLW/BesEvtGen

Detector simulation:
GEANT4

BESIII

BESIII data



hep-ph/9910285

LUARLW
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Simulation functions of LUARLW
LUARLW can simulate ISR inclusive continuous channels and JPC = 1 

resonances from 2m 5 GeV,  parameters need tuning by data. 
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Picture of Lund string fragmentation to hadrons
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Basic formula of LUARLW
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ISR sampling in LUARLW simulation

The energy and polar angle distribution of real emission photon 
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In LUARLW simulation, the events are classed into two types

① non real radiation: tree level, virtual and soft radiations events. 

Weight:

② real radiation: hard bremsstrahlung events. 

Weight:

s’ distribution  distribution
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Bremsstrahlung at ,, region important

cos
s0(s’)/R(s’):
Below 2 GeV  PDG values
Above 2 GeV  pQCD values

NPB27(1971)381

 R(s’)/s0(s’) are large in , ,  region

 A lot of  events with small polar angles  and lower effective energies production

 These two factors are sensitive to hadronic efficiency 

 The simulation in , ,  region and at small polar angles must be correctly
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Effective hadronic Ecm distributions after ISR 
,

,


MC sampling

J/
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Examples of event production

Initial e

ISR photon
Virtual photon

Initial quarks

string

four primary
hadrons

final
particles
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Five modes of J/ decays

All five decay modes have been included in LUARLW

CERNEP/8893
Hadronic decay via 3-gluons

Electromagnetic decay to hadrons

Radiative decay into hadrons 

Radiative M1 transition to c

Electromagnetic decay to leptons



31

Examples of event production

J/

CPC (HEP&NP)27,(2003)673
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Tuning of LUARLW parameters  

 Generator contributes the dominant systematic error 

 Great efforts have been done on LUARLW parameter tuning 

 Main parameters: 

 LUARLW tuning/check in progress, reviewed in BESIII Collaboration 

For multiplicity

For Particle ratios
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Tuning of mixing-generator 

PHOKHARA  ConExc  LUARLW

+ total hadronic cross section,
+ sum of the cross section ever measured exclusive  
channels

Unknown channels, simulate by LUARLW

Known channels, simulate by exclusive method

Measured exclusive channels  unmeasured 
inclusive channels  

Tuning scheme:

Multi-parameters tuning:
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Comparison of data and mixing generator 
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Generator/MC systematic errors 

 Number of hadronic events produced at collider vertex 

 Selection efficiency for hadronic events  

 Combined error of event selection and MC simulation

Data and MC are coincident with cuts

 Experiment independent
 Proportional to physics total cross section



Summary

• The data sets for R value measurements between 2.0－4.6 GeV at 
about 130 energies have been collected.

• The integrated luminosity at all energy points are measured with 
about 1% precision.

• The parameters of generator LUARLW are optimized and tuned

• The mixing-generator are tuned and compared

• The memo of R value measurement between 2.2323.671 GeV is
being reviewed in BES Collaboration.

• The data analysis for 3.85  4.59 GeV at 104 energies  are in progress.
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Back Up
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Data samples between 2.0  3.08 GeV collected in 2015

Data @ 21 energy points

Main physics goals

1. R value !

2. Form factors !

3. New phenomenon ?

4. New hadronic states ?

R scan below open charm



R line shape scan above open charm
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• 104 energy points, total luminosity  800 pb-1;

• More than100k hadronic events collected at each point.

date

No physics cross section
 Rough event selection
 No efficiency correction
 No radiative correction 

Progress of data taking


