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Muon Magnetic Moment

Muon anomaly arises from quantum fluctuations

QED contribution (largest):

Weak contribution:

Hadronic contribution:
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Muon Magnetic Moment

Contribution Results in 10-10 units

QED (leptons) 11658471.885 ± 0.004 Kinoshita et al. (2012)

Weak 15.4 ± 0.2 Czamecki et al. (2003)

HVP (LO) 692.3 ± 4.2 Davier et al. (2001)

HVP (HO) -9.84 ± 0.07 Hagiwara et al. (2009)

HLBL 11.6 ± 4.0 Jegerlehner, Nyffler (2009)

Total 11659181.3 ± 5.8

Experiment 11659208.9 ± 6.3

Prediction limited by hadronic contributions

Perturbative method cannot be applied in the relevant energy regime

Discrepancy: 27.6
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Muon Magnetic Moment

Hadronic Contributions

Hadronic Vacuum Polarization Hadronic Light-by-Light

Optical theorem

Two-photons collisions
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Muon Magnetic Moment

Hadronic Contributions

Vacuum Polarization

M. Ripka, Initial State Radiation
Measurement at BESIII, 

PhiToPsi2017 proceedings, in press
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 Beam energy:

1.0-2.3 GeV

 Design Luminosity:

1×1033  cm-2s-1

 Achieved Luminosity:

 1×1033  cm-2s-1

 Optimum energy:

1.89 GeV

 Energy spread:

5.16 ×10-4

 No. of bunches:

93

 Bunch length:

1.5 cm

 Total current:

0.91 A

 Circumference:

237m
e-

e+

BEPCII Storage Rings

Beijing Electron-Positron Collider II
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 Charmonium Physics

 D-Physics

 Light Hadron Spectroscopy

 -Physics

 ...

Physics program

The BESIII Spectrometer @ IHEP

BEijing Spectrometer III

e+e- collisions

S tuned depending on energy

D.M. Asner et al, Physics at BES-III, arXiv:0809.1869v1 [hep-ex] (2008) 
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• World largest data sample on J/ψ, ψ(2S), ψ(3770), Y(4260)… 
in e+e- collisions

• From light meson spectroscopy to ΛcΛc

• Fine and coarse scan of the accessible energy region

BESIII Dataset
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e+e- -> γπ+π-

Particle Identification

• Tagged ISR mode only

• Kinematic fit for π+π-γISR

final state

• Standard BESIII PID 
system for electron 
rejection

• Muon-pion separation
needed

PLB 753, 629 (2016)
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e+e- -> γπ+π- Selection

• Muons and pions have different shower shape in EMC

• Artificial Neural Network (ANN) for μ-π separation

• Very clean sample after ANN

• ρ-ω interference clearly visible

PLB 753, 629 (2016)
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π+π- Cross Section

PLB 753, 629 (2016)
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Comparison of π+π- Form Factor

Pion Form Factor Fπ

• New BESIII measurement agrees
with KLOE[1] and BABAR[2]

• Small shift wrt BABAR above ρ-ω
interference
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J.P. Lees et al., Phys. Rev. D86, 032013 (2012)

[2] F. Ambrosino et al. Phys. Lett. B 670, 285 (2009). 
F. Ambrosino et al. Phys. Lett. B 700, 102-110 (2011).
D. Babusci et al. Phys. Lett. B 720, 336-343 (2013).
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e+e- -> γπ+π-π0

Event Selection

PRELIMINARY
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Fit to π+π-π0 Mass Spectrum
PRELIMINARY
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Fit Results of γπ+π-π0

PRELIMINARY
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π+π-π0 Cross Section
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e+e- -> γπ+π-2π0

Event Selection

• Tagged and untagged analysis performed separately

• Tagged: kinematic fit, π0 veto for ISR photon

• Untagged: |cosθISR| > 0.995

• Main background from π+π-3π0(γISR)

• Partial wave analysis with HelPWA for π+π-3π0

• Correct MC background according to data

PRELIMINARY
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π+π-2π0 Combined Cross Section

• Error: weighted mean of tagged and untagged events

• ≈ 3% precision like BABAR

BESIII (preliminary) 18.63 ± 0.27 ± 0.57

BABAR (preliminary) 17.9 ± 0.1 ± 0.6
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ωπ0 Cross Section

Fit of M(3π) distibution with double Gaussian for ω plus third order 

polynomial for non-ω in each M(π+π-2π0) bin
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π+π-3π0 Cross Section

• From π+π-2π0γISR background study

• Systematic uncertainty: 13.8%

PRELIMINARY
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Hadronic Light-by-Light Contribution

Glasgow Consensus, arXiv:0901.0306
Jegerlehner/Nyffeler, Phys. Rept. 477,1

Colangelo, Hoferichter et al. (Bern)
Vanderhaeghen, Pauk et al. (Mainz)
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Two-Photon Collisions
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Two-photons physics program exstabilished at BESIII

Untagged, single-tagged, and double-tagged measurements are ongoing

Knecht, Nyffeler
Phys. Rev. D65, 073034 (2002)

Knecht, Nyffeler
Phys. Rev. D65, 073034 (2002)
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π+π- Systematic Uncertainties
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π+π-π0 Systematic Uncertainties
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π+π-2π0 Systematic Uncertainties
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MDC:  small cell & He gas
xy= 130 m
p/p = 0.5% @1GeV
dE/dx = 6% 

EMC:   CsI crystals, 28 cm
E/E  = 2.5% @1 GeV
z = 0.6 cm/E

TOF:
T =  80 ps  Barrel

110 ps  Endcap

Magnet:  1T Superconducting

Muon:  9 layer RPC

Trigger: Tracks & Showers
Pipelined; Latency = 2.4 ms

Data Acquisition:
Event rate = 3 kHz
Thruput ~ 50 MB/s

Zero Degree Detector (ISR)

BESIII Detector
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BESIII Production of Charmonium(like) states

From PDG

BEPCII can reach here!

1.3 X 109 3773

2.9 fb-1
6 X 108 4040

0.5 fb-1

4415

1 fb-1

4600

0.5 fb-1

4360

0.5 fb-1

4230  4260

2.3 fb-1

• 3554 MeV: 0.024 fb-1  mass

• 4100  4400 MeV: 0.5 fb-1 coarse scan

• 3850  4590 MeV: 0.5 fb-1 fine scan
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From PDG

BEPCII can reach here!

BESIII: Baryon Production
• Charmonium decays offer complementary

information to existing data

• Coupling of unobserved states

through conventional production 

channels could be small, but coupling

may be large to gggN:

ψ⟶ NN (π/η/η’/ω/φ), pΣπ, pΛK

• High statistics available at BESIII

1.3 X 109

3773

2.9 fb-15 X 108 4040

0.5 fb-1

4415

1 fb-1

4600

0.5 fb-1

4360

0.5 fb-1

4230  4260

2.3 fb-1R scan

1.3 fb-1


