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Introduction

The contributions to aµ and its uncertainty

~µ = g
e

2m
~s

(gµ − 2)/2 =: aSMµ = aQED
µ + aweakµ + ahadronicµ

Interaction Contribution [·10−11] Uncertainty [·10−11]

QED [1] 116 584 718.951 0.080
EW [7] 153.6 1
hadronic VP [5, 11] 6837 43
hadronic LbL [10, 2] 119 41
total theory 116 591 828 60

E821 experiment [12] 116 592 089 63

deviation exp-theo 261 87
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Introduction

Discrepancy between SM prediction and direct
measurement from Eur.Phys.J., C71:1515, 2011 [5].
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Just a fluctuation?

3σ effect, thus reduction of uncertainties necessary!
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Introduction

Connection between aµ and σhad

ahadµ ≈ 1

4π3

∫ ∞
m2

π

Kµ(s) · σe+e−→had(s)ds

Kernel function cross section
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Introduction

The BABAR Experiment

Experimental specifications

Energy:
√
s ≈ 10.58 GeV (Ee− ≈ 9.0 GeV,Ee+ ≈ 3.1 GeV),

Luminosity: L ≈ 500 fb−1 (Υ (4S))
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Introduction

Initial State Radiation (ISR) events at BABAR

ISR selection

Detected high energy photon: Eγ > 3GeV
→ defines ECM & provides strong background rejection

Event topology: γISR back-to-back to hadrons
→ high acceptance

Kinematic fit including γISR
→ very good energy resolution (4 – 15MeV)

e+e−-boost into the laboratory reference frame
→ high efficiency at production threshold of hadronic system

Continuous measurement from threshold to ∼5GeV
→ provides common, consistent systematic uncertainties

hadrons

γ
e−(9GeV)

e+(3GeV)

√
s′ = ECM

γ

hadrons
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Introduction

Most important channels
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Cross Sections of the single channels measured at BABAR (Courtesy of F. Ignatov).
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Right panel: Cross Sect. of single channels (Courtesy of F. Ignatov).

Left panel: Relative contributions to ahadµ (from Nuovo Cim., C034S1:31-40, 2011 [9]).
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Right panel: Cross Sect. of single channels (Courtesy of F. Ignatov).

Left panel: Relative contributions to δahadµ (from Nuovo Cim., C034S1:31-40, 2011 [9]).
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Cross section e+e− → π+π−π0π0

e+e− → π+π−π0π0

PRELIMINARY
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Cross section e+e− → π+π−π0π0

e+e− → π+π−π0π0 world data set before BABAR
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Cross section e+e− → π+π−π0π0

Event Selection
Full Υ (4S) on peak data set of 454.4 fb−1

e+e− → π+π−π0π0γISR
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+ data
× signal simulation

PRELIMINARY

Main Selection Requirements

exactly 2 charged tracks

≥ 5 photons

E lab
γ > 0.05 GeV

|Mreco
π0 −MPDG

π0 | < 0.03 GeV

EγISR > 3 GeV

6C kinematic fit: χ2
2π2π0γ < 30

reject other hypotheses

Muon and Kaon PID
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Cross section e+e− → π+π−π0π0

Background subtraction

e+e− → π+π−π0π0γISR

Simulated background channels:
Data raw -> σ

tot
/dM
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qq̄, 3π, 4π2π0, KsKπ, K+K−2π0, ττ ,

π+π−3π0
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Cross section e+e− → π+π−π0π0

Background subtraction

e+e− → π+π−π0π0γISR

Simulated background channels:
Data raw -> σ
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qq̄, 3π, 4π2π0, KsKπ, K+K−2π0, ττ ,

π+π−3π0

Main issue: background from
e+e− → π+π−3π0

Only little data [3] and no full
simulation available
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Cross section e+e− → π+π−π0π0

Background subtraction

e+e− → π+π−π0π0γISR

Simulated background channels:
Data raw -> σ
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Main issue: background from
e+e− → π+π−3π0
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⇒ dedicated BABAR measurement
⇒ adjust simulation
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Cross section e+e− → π+π−π0π0

Background subtraction: cross check

Sideband bkg subtractionData raw -> σ
tot

/dM
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N1s = β
β−α · N1 − 1

β−α · N2

α := N2s
N1s

, β := N2b
N1b
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Cross section e+e− → π+π−π0π0

Background subtraction: cross check

Sideband bkg subtractionData raw -> σ
tot

/dM
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N1s = β
β−α · N1 − 1

β−α · N2

α := N2s
N1s

, β := N2b
N1b

Comparison of both methods
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Less than 1 % discrepancy in the
peak region around 1.5 GeV/c2
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Cross section e+e− → π+π−π0π0

Resulting cross section
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Comparison to Chiral Pert. Theo.
(Eur.Phys.J., C24:535–545, 2002 [6])
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Cross section e+e− → π+π−π0π0

Contribution of π+π−2π0 to gµ − 2
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Before BABAR (Eur.Phys.J.,C31:503,2003) [4]

aµ(1.02 <
√
s < 1.8 GeV) =

(16.76± 1.31± 0.20rad)× 10−10

New result in the same energy range

aµ(1.02 <
√
s < 1.8 GeV) =

(17.4± 0.1stat ± 0.6syst)× 10−10
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Cross section e+e− → π+π−π0π0
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ahadµ =
1

4π3

∫ ∞
m2

π0

√
1− 4m2

e

s

1 +
2m2

e

s

Kµ(s)σ(s)ds

New result starting at lower limit

aµ(0.85 <
√
s < 1.8 GeV) =

(17.9± 0.1stat ± 0.6syst)× 10−10

New result in a wider energy range

aµ(0.85 <
√
s < 3.0 GeV) =

(21.8± 0.1stat ± 0.7syst)× 10−10
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Cross section e+e− → π+π−π0π0

Contribution of π+π−2π0 to ∆α(M2
Z )
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α(q2) =
α

1−∆α(q2)

∆α(q2) =
1

4π2α
P

∫ √
1− 4m2

e

s

1 +
2m2

e

s

σ(0)(s)

1− s
q2

ds

New result in a wider energy range

∆α(0.85 <
√
s < 1.8 GeV) =

(4.44± 0.02stat ± 0.14syst)× 10−4

0.85 GeV ≤ ECM ≤ 3.0 GeV

∆α(0.85 <
√
s < 3.0 GeV) =

(6.58± 0.02stat ± 0.22syst)× 10−4
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Cross section e+e− → π+π−η

e+e− → π+π−η

PRELIMINARY
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Cross section e+e− → π+π−η

Event Selection
Full Υ (4S) on peak data set of 468.1 fb−1

e+e− → π+π−ηγISR
(η → γγ)

PRELIMINARY

Main Selection Requirements

at least 2 charged tracks

≥ 3 photons

E lab
γ > 0.1 GeV

0.44 < Mreco
η < 0.64 GeV/c2

EγISR > 3 GeV
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Cross section e+e− → π+π−η

Cross section e+e− → π+π−η
P

R
E
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M

IN
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Y PRELIMINARY

Most accurate σ(e+e− → π+π−η) measurement to date

First measurement up to 3.5 GeV

Especially above 1.6 GeV more precise than previous data
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Cross section e+e− → π+π−η

Fits to the cross section e+e− → π+π−η
P

R
E

LI
M

IN
A

R
Y

PRELIMINARY

Model 1: ρ(770)− ρ(1450), fit: ECM < 1.7 GeV

Model 2: ρ(770)− ρ(1450)− ρ(1700), fit: ECM < 1.9 GeV

Model 3: ρ(770)− ρ(1450) + ρ(1700), fit: ECM < 1.9 GeV

Model 4: ρ(770)− ρ(1450) + ρ(1700) + ρ(2150), fit: ECM < 2.2 GeV

“+”: relative phase 0◦, “-”: relative phase 180◦
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Cross section e+e− → π+π−η

Contribution of π+π−η to gµ − 2

ahadµ =
1

4π3

∫ ∞
m2

π0

√
1− 4m2

e

s

1 +
2m2

e

s

Kµ(s)σ(s)ds

P
R

E
LI

M
IN

A
R

Y
HLMNT 2011 [8]

aµ(
√
s < 1.8 GeV) =

(0.88± 0.10)× 10−10

DHMZ 2011 [5]

aµ(
√
s < 1.8 GeV) =

(1.15± 0.06stat ± 0.08syst)× 10−10

⇒ discrepancy?

New result

aµ(
√
s < 1.8 GeV) =

(1.19± 0.02stat ± 0.06syst)× 10−10
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Cross section e+e− → π+π−η
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Summary

Summary

ISR physics has proven to be a very productive field even years after
the end of data taking at the B-factories

Precision measurements of hadronic cross sections have greatly
improved aSMµ & more hadronic final states in preparation
New results from BABAR:
? e+e− → π+π−π0π0

? e+e− → π+π−η
? For more BABAR ISR results see W. Gradl’s presentation on Friday
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The End

Thank you!

Any questions?
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