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ISR hadronic cross sections at BABAR
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Introduction

The contributions to aµ and its uncertainty
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Introduction

The contributions to aµ and its uncertainty

~µ = gµ
e

2m
~s

(gµ − 2)/2 =: aSM
µ = aQED

µ + aweak
µ + ahadronic

µ

Contribution [·10−10] Uncertainty [·10−10]

QED [1] 11 658 471.8951 0.0080
weak [8] 15.36 0.1
hadronic VP [5, 11] 683.7 4.3
hadronic LbL [10, 4] 11.9 4.1
theory total 11 659 182.8 6.0

Experiment E821 [14] 11 659 208.9 6.3

Experiment-Theory 26.1 8.7
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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

∫ ∞
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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 (mostly 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)

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

hadrons

γISR
e−(9GeV)

e+(3GeV)

√
s′ = ECM

γ

hadrons
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Cross section e+e− → π+π−

e+e− → π+π−

Phys. Rev. D86 (2012) 032013 [13]
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Cross section e+e− → π+π−

Resulting cross section

e+e− → π+π−
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dominant background µ+µ−(γ)

CS calculated relative to
µ+µ−γ

half of BABAR dataset used,
new analysis in progress

Contribution to gµ − 2

aµ(
√
s < 1.8 GeV) =

(514.09±2.22stat±3.11syst)×10−10
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Cross section e+e− → π+π−

Pion form factor
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Cross section e+e− → π+π−
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Cross section e+e− → π+π−

Pion form factor
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Cross section e+e− → π+π−π0

e+e− → π+π−π0

Phys. Rev. D70 (2004) 072004 [2]
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Cross section e+e− → π+π−π0

Resulting cross section

e+e− → π+π−π0
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energy range
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Contribution to gµ − 2 (comp. [6])

aµ(
√
s < 1.8 GeV) =

(46.20± 0.40stat ± 1.40syst)× 10−10
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Cross section e+e− → π+π−π0

Intermediate resonances: ω, φ→ π+π−π0

e+e− → π+π−π0
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Cross section e+e− → π+π−π0

Intermediate resonances: ω, φ, and J/ψ → π+π−π0

e+e− → π+π−π0
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Cross section e+e− → π+π−π+π−

e+e− → π+π−π+π−

Phys. Rev. D85 (2012) 112009 [12]
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Cross section e+e− → π+π−π+π−

Resulting cross section

e+e− → π+π−π+π−
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Contribution to gµ − 2

aµ(
√
s < 1.8 GeV) =

(13.64± 0.03stat ± 0.36syst)× 10−10
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Cross section e+e− → π+π−π+π−

Internal structure in various ECM energy slices
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(EPJ C18, 497 (2001))
First column (4 entries/event):

a1(1260)

Second column (4 entries/event):

strong ρ0 contribution
e.g. for M4π > 1.4 GeV/c2:
1/4th of entries in ρ0 peak
ρ0ρ0 is forbidden
→ ρ0 in each event!

Third column (1 entry/event):

2π lie within ρ0 mass
→ other π+π−’s mass plotted

f2(1270), a1(1260), f0(980) . . .?

→ Partial Wave Analysis needed
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Cross section e+e− → π+π−π+π−

Internal structure in various ECM energy slices
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→ ρ0 in each event!

Third column (1 entry/event):

2π lie within ρ0 mass
→ other π+π−’s mass plotted

f2(1270), a1(1260), f0(980) . . .?

→ Partial Wave Analysis needed
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Cross section e+e− → π+π−π0π0

e+e− → π+π−π0π0

PRELIMINARY
submitted to PRD, arXiv:1709.01171
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Cross section e+e− → π+π−π0π0

Resulting cross section

e+e− → π+π−π0π0
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PRELIMINARY

ECM(GeV) Syst. unc.
1.2 – 2.7 3.1%
2.7 – 3.2 6.7%
> 3.2 7.1%

dominant ISR-bkg π+π−3π0

removed using data

most precise measurement to
date

widest energy range
0.85 < ECM < 4.5 GeV

Contribution to gµ − 2

aµ(0.85 <
√
s < 1.8 GeV) =

(17.9± 0.1stat ± 0.6syst)× 10−10
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Cross section e+e− → π+π−π0π0

Resulting cross section

e+e− → π+π−π0π0
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Comparison to Chiral Pert. Theo.
(Eur.Phys.J., C24:535–545, 2002 [7])
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Cross section e+e− → π+π−π0π0

Intermediate resonances J/ψ → π+π−π0π0

e+e− → π+π−π0π0
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J/ψ branching fraction

B(J/ψ → 2π2π0) = (0.51± 0.05) %

e+e− → ωπ0 → π+π−π0π0
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ωπ0 contribution to π+π−2π0

(32.1± 0.2stat ± 2.6syst) %

K. Griessinger (U Mainz) ISR physics at BABAR September 2017 19 / 23



Cross section e+e− → π+π−π0π0

Intermediate resonances J/ψ , ωπ0 → π+π−π0π0

e+e− → π+π−π0π0
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Cross section e+e− → π+π−π+π−π0

e+e− → π+π−π+π−π0

Phys.Rev. D76 (2007) 092005 [3]
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Cross section e+e− → π+π−π+π−π0

Resulting cross section

e+e− → π+π−π+π−π0
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1.5 – 1.8 7%
1.8 – 3.5 20%
> 3.5 50%

dominant bkgs K+K−π+π−π0

and K 0
s K
±π∓π0

most precise measurement to
date

energy range
1 < ECM < 4.5 GeV

Contribution to gµ − 2 (comp. [6])

aµ(
√
s < 1.8 GeV) =

(0.96± 0.09)× 10−10
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Cross section e+e− → π+π−π+π−π0

Intermediate resonances: ω/ηπ+π−

e+e− → π+π−π+π−π0
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J/ψ branching fraction

B(J/ψ → 4ππ0) = (5.46± 0.35) %
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Cross section e+e− → π+π−π+π−π0

Intermediate resonances: ω/ηπ+π−, J/ψ

e+e− → π+π−π+π−π0
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Cross section e+e− → π+π−π+π−π0

Intermediate resonances: ω/ηπ+π−, J/ψ , and ψ(2S)

e+e− → π+π−π+π−π0
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ψ(2S) branching fraction

B(ψ(2S)→ 4ππ0) = (1.2± 1.1) %
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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 final states in preparation. Shown today:
? e+e− → π+π− Phys. Rev. D86 (2012) 032013 [13]
? e+e− → π+π−π0 Phys. Rev. D70 (2004) 072004 [2]
? e+e− → π+π−π+π− Phys. Rev. D85 (2012) 112009 [12]
? e+e− → π+π−π0π0 submitted to PRD, arXiv:1709.01171
? e+e− → π+π−π+π−π0 Phys.Rev. D76 (2007) 092005 [3]

New results from BABAR forthcoming:
? e+e− → π+π−η
? e+e− → π+π− (new method, full dataset)
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Summary

Thank you!

Any questions?
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