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at low energies: e+e­→ π+π­η, π+π­π0π0, and more 
 at 10.58 GeV via Initial State Radiation (ISR) 

 
input for precision calculations of g−2 
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Motivation 
QED = precision physics 
 
•   a=(g-2)/2 is the testbed for QED 
•   experiment: electron: ✓ 
•   muon: 

 currently still >3σ discrepancy  
 theory/experiment 

•  New Physics? 
test SM 

new expt.s @ Fermilab, J-PARC 

  

aµ
theo ⋅1010= 11659180.2 ± 4.9

aµ
exp ⋅1010 = 11659208.9 ± 6.3

Δaµ ⋅1010 = 28.7 ±8.0
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Motivation 

  

aµ
had,LO ⋅1010 = 692.3± 4.2

aµ
had,LO ⋅1010 = 694.9± 4.3

aµ
had,NLO ⋅1010 =−9.84±0.06exp ±0.04rad

[Davier et al., EPJ C71, 1515] 
 
 
 
 
 
[Hagiwara et al., JP G38, 085003] 

muon sensitive to 
hadronic vacuum polarisation: 

QED = precision physics 
QCD = the weak factor 
 
•   ab initio calculations difficult 
•   experimental input required:  

 σ(e+e− → hadrons) 
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Motivation 

analytical function 

experiment input 

dispersion relation 
 
 
 
 
 
 
 
 
 
dominated by low-energy cross sections 
improve precision by measuring exclusive final states 
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Motivation 
(a)  at low-energy storage rings (scan)     E(e+e−) = ECM 

(b)  at fixed high energy, using radiative events  
e+e− → γ+hadrons 

BABAR: 
 
E(e+e−) = 10.58 GeV                                    ECM = Mhad 

 continuous 
             recoiling against 

 ISR photon          

Lint=460 events/fb 
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π+π−η: 4C fit 

ISR- / non-ISR-background 
subtracted using MC calibrated with data 

ECM< 2GeV ECM 2...3.5 GeV 

  

e+e− → π+π−η+γ
η→ γγ

energy/momentum conservation 
 
4C-fit  
→ (min) chisquare distribution: 

cut cut 
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π+π−η 
 
 
 
fit  of mγγ in bins of ECM = M(ηππ) 
1.300-1.325 GeV 
 
 
 
 
1.500-1.525 GeV 
 
 
 
 
 
3.4-3,5 GeV 

  

e+e− → π+π−η+γ
η→ γγ
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π+π−η 

[Evgeny Kozyrev] 

  aµ
π+π−η (ECM <1.8GeV)⋅1010 =1.19±0.02±0.06

  

HLMNT 2011:

aµ
π+π−η (ECM <1.8GeV)⋅1010 = 0.88 ± 0.10

 minECM =1.15GeV
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π+π−η 

data 
MC  

1.4 < ECM < 1.8 GeV 

dominant ρ(770) 
 
possible ρ(770)-ρ(1450) interference 

  

e+e− → ρ0 (770)η+γ

ρ0 (770)→ π+π−
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π+π−η Angular Distribution 

1.4 < M < 1.8 GeV 

data 
MC 

  f (cosθ) ~ 1+ (0.92±0.09)cos2 θ
η

ρ π π+ −→

 γ ISR

θη
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Vector Meson Dominance 

e−

e+ γ

X Vρ =
ρ π π+ −→

η
Vi

Vg e
φ
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Vector Meson Dominance 

π+π−η 

model 1: ρ(770) −ρ(1450)   fits ECM < 1.7 GeV 
model 2: ρ(770) −ρ(1450) −ρ(1700)   fits < 1.9 GeV 
model 3: ρ(770) −ρ(1450) +ρ(1700)   fits < 1.9 GeV 
model 4: ρ(770) −ρ(1450) +ρ(1700) +ρ(2150)   fits < 2.2 GeV 
relative phases 0 (+) and 180° (−) 
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π+π−η and CVC 
compare e+e−→ π+π−η with τ → νπ0π−η (vector current) 
 
CVC-prediction from cross section e+e−→ π+π−η: 
B(τ → νπ0π−η) = (0.160±0.009)% 
combined with η→3π result [BABAR 2007]: 
B(τ → νπ0π−η) = (0.162±0.008)% 
 
direct measurement [PDG14]: 
B(τ → νπ0π−η) = (0.139±0.010)% 
isospin-breaking? 
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π+π−π0π0 

signal 
region 1   region 2 

data 
signal MC (AfkQED) 

ECM (GeV) 

MC simulated background 
subtracted, 
 
cross-checked with 
6C-fit  
ratio χ2 region 1/2    (E,

!p,2×m
π0
)

  

qq, ττ, γπ+π−3π0,
γKSKπ, γK

+K−2π0,
γ3π, γ4π±2π0,
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π+π−π0π0 

[Konrad Griessinger] 

  

HLMNT 2011:

aµ
π+π−2π0

(ECM <1.8GeV)⋅1010 =18.62 ±1.15

  

minECM = 0.85GeV

aµ
π+π−2π0 (ECM <1.8GeV)⋅1010 =18.1±0.1±0.6

aµ
π+π−2π0 (ECM < 3.0GeV)⋅1010 = 22.0±0.1±0.7
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π+π−π+π− 

BABAR 2012 
[PR D85,112009] 

  aµ
2π+ 2π− (ECM <1.8GeV)⋅1010 =13.36±0.06±0.36

[Andreas Hafner] 

  

HLMNT 2011:

aµ
2π+ 2π− (ECM <1.8GeV)⋅1010 =13.50 ± 0.44
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KSKLπ0, KSKLπ0π0, ϕη  
see poster by Alessandro Pilloni 

[Evgeni Solodov] 

  

aµ
all KKππ (m<1.8GeV)⋅1010 = 0.85 ± 0.05

aµ
all KKππ (m< 2.0GeV)⋅1010 = 2.41± 0.11

S L

K

K

K

K η
η+ −

  

HLMNT 2011:
aµ
KKππ (ECM < 2.0GeV)⋅1010 = 3.31± 0.58
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   σ(e
+e− → X)∝Γ(J /ψ→ e+e−)⋅B(J /ψ→ X)

ISR cross section   PDG 14 
B(J/ψ → π+π­η) = (0.042±0.008)%    (0.040±0.017)% 
 
B(J/ψ → KSKLπ0) = (0.206±0.026)%    
B(J/ψ → KSKLη) = (0.145±0.033)%         K+K­η: (0.085±0.014)% 
B(J/ψ → KSKLπ0π0) = (0.186±0.044)%   K+K­π0π0: (0.235±0.041)%  
... 
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Summary & Conclusions 
•  measurements of σ(e+e− → hadrons) add precision and increased 

energy range to the hadronic vacuum polarisation 

•  new channels π+π−η, π+π−π0π0, KSKLπ0, KSKLπ0π0, KSKLη 
 

•  specific channels: aµ
ΣX·1010=36.3±1.4 (HLMNT) → 35.1±0.7 (new) 

•  small changes do not solve theory/expt. discrepancy 
 

•  also improves precision on running αQED(mZ)  

•  side results: test of CVC → isospin breaking 

•  BFs of rare J/ψ decays 
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Extra Info 
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Cross Section Measurement 
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measured 

radiator function, 
x = energy fraction of ISR photon 
|cos θγ| < C 
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Hadronic Contributions to g-2 
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dominantly low energy 

GeV 
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Exclusive Contributions to aµ 

23 < 1.8 GeV [Hagiwara et al., JP G38, 085003]   < 2 GeV  
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π+π−η Vector Dominance 
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BABAR model fit results: 
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Systematic Errors 
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π+π−π0π0 at Low Energies 

chiral perturbation 
theory 2002 
[Ecker, Unterdorfer, EPJ 
C24, 535] 

(only statistical errors) 
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  π
+π−π0π0   π

+π−π+π−



 
 

R. Waldi 

28 

Systematic Errors 


