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(g − 2)` precision test of QED

OK for electrons

long-standing ≈ 3σ discrepancy for muons

need experimental input for hadronic
vacuum polarization
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Low energy hadronic cross sections and aµ
The dominant correction and error from hadronic vacuum polarization

at low energies total hadronic cross
section determined from (finite) sum of
exclusive modes

Many exclusive modes measured by
BABAR
New preliminary measurements for
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The BABAR experiment
PEP-II asymmetric e+e− collider operating

at center of mass energies near the Υ (4S)
(for most of the time)

√
s = 10.58GeV/c2

General-purpose detector

Asymmetric:

−0.9 < cos θ∗ < 0.85

wrt electron beam

excellent performance:

vertexing

tracking

PID

calorimeter

DIRC PID)
144 quartz bars

11000 PMs

1.5T solenoid EMC
6580 CsI(Tl) crystals

Drift Chamber
40 stereo layers

Instrumented Flux Return
iron / RPCs / LSTs (muon / neutral hadrons)

Silicon Vertex Tracker
5 layers, double sided strips

e+ (3.1 GeV)

e- (8-9 GeV)
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Data samples
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— Delivered

— Recorded: 531 fb−1

— Υ (4S): 432 fb−1

— Υ (3S): 30.2 fb−1

— Υ (2S): 14.4 fb−1

— Off Peak & scans: 48 fb−1



The ISR method at the Υ (4S)
Initial State Radiation from e+e− allows to measure cross sections at all
center-of-mass energies

√
s ′ below the nominal

√
s of the beams

dσ(s; s ′; θγ)

ds ′dθγ
= W (s; s ′; θγ) · σ

X
(s ′)

tag photon to identify ISR events

hadrons in fiducial detector region

fully reconstruct the final state

kinematic fit: energy resolution

boost =⇒ harder momentum spectrum
for daughter particles

cross sections down to threshold

measure σ at all
√
s

simultaneously

large ”effective” luminosity
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e+e− → π+π−π0π0

One of the least known cross sections among those relevant to (g − 2)µ

ISR photon: highest energy photon with ECM
γ > 3 GeV

exacty two oppositely charged tracks of p > 100 MeV

at least 4 additional photons E > 50 MeV

kinematic fit e+e− → γ
ISR

4π: require χ2
4πγ < 30

Explicitly veto backgrounds based on
particle ID (kaons) and kinematic fit to
any competing mode

non-ISR qq̄ events where photons from
π0 misidentified as γISR subtracted
based on simulation and π0 yield in
γISRγ combinations

poorly known π+π−3π0 cross section:
use data
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e+e− → π+π−π0π0 cross section

Contribution to aµ in
1.02 < ECM < 1.8 GeV reduced from

(180±12(stat+sys))×10−11 (6.7% precision)

(incl. 2007 BABAR preliminary result)

to

(175±6(stat+sys))×10−11 (3.4% precision)
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e+e− → π+π−η
Expected to proceed via ρη: important to understand higher ρ excitations

Reconstruct γ
ISR
π+π−γγ; kinematic fit.

Background modelled on MC extrapolating yields from data

Extract signal yield in each energy bin fitting the γγ inv. mass

residual background from processes with η subtracted using MC
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e+e− → π+π−η cross section
BABAR measurement

compatible with previous
measurements, but more
precise and on a broader energy
range

the π+π− mass spectrum is not well
described by the ρ(770)η model
(already noticed by SND)

interference with ρ(1450)η?
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VDM fits to the e+e− → π+π−η cross section
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e+e− → K 0
S
K 0

L
π0

Reconstruct γISR , K 0
S → π+π− and

π0 → γγ

K 0
L detected as isolated energy cluster

in the calorimeter E > 0.2 GeV

validated on e+e− → γφ→ γK 0
S K

0
L

Inv. mass resolution of hadronic system
(after kin.fit): ≈ 25 MeV

First measurement of this cross
section

syst. uncertainty ≈ 10% at peak,
≈ 30% at 3.0 GeV
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Resonant substructures in K 0
S
K 0

L
π0

Fit the (background-subtracted) K 0
S π

0

and K 0
L π

0 invariant mass distributions
with coherent resonant/non resonant

Dominant K∗(892)0K̄ 0 with small

K∗
2 (1430)0K̄ 0

The K∗(892)0K̄ 0 nearly saturates
the K 0

S K
0
L π

0 cross section

small K∗2 (1430)0K̄ 0 and φπ0
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Total KK̄π cross section

Summing the K 0
S K

0
L π

0 cross section and the other two charge

configurations measured previously by BABAR PRD 77, 092002 (2008)

The KK̄π is ≈ 12% of the total cross section for E ≈ 1.65 GeV
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Cross sections to final states with K and η

Both measured for the first time!
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KKππ cross sections

Of the 6 possible charge combinations, 4 were already measured by BABAR

PRD 86, 012008 (2012)
PRD 89, 092002 (2014)
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KKππ cross sections
First (preliminary) measurement of the missing charge combinations:

The total KKππ cross section is
≈ 25% of the total at E ≈ 2 GeV

now measured without any model
assumption
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K 0
S
K 0

L
π0(π0) in the charmonium region

σ(e+e− → (cc̄)→ X ) ∝ Γ((cc̄)→ e+e−)× B((cc̄)→ X )

from which the B can be determined without I-spin assumptions
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Published cross sections measured by BABAR via ISR

C. Patrignani GHP17 – Feb. 1-3, Washington, D.C 19


