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Motivation

QED = precision physics

a=(g-2)/2 is the testbed for QED

. experlment electron: v S g
.AA[J_@ °* muon: ?:nl:’lzimg A
currently still >3o discrepancy
theory/experiment et -
a,*-10°=11659180.2+4.9 |
a 10" =11659208.9 £6.3 i
Aa, 10" = 28.748.0 | mmoes T -
* New Physics? New (0-2) exp. "
test SM 208.9+1.6 e
II|IIII|IIII|IIlIIIIII|IIII|IIII|IIII:|JIII|IIII

new expt.S@FermiIab, J-PARC 140 150 10 170 18 190 20 210 220 230
a,-11 659 000 (1 09




Motivation

' ! J ! muon sensitive to
/ e / } hadronic vacuum polarisation:

a™10.10" =6923+42

At e, e
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QED = precision physics

« experimental input required:
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Motivation
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experiment input
P — oiot(€Te” — hadrons)

o(ete” = ptu~)
dominated by low-energy cross sections
improve precision by measuring exclusive final states




Motivation

(a) atlow-energy storage rings (scan) E(e‘e™) = E, '
(b) at fixed high energy, using radiative events
ABAR e*e” — y+hadrons

BABAR: et 'Y*
E(e*e”) = 10.58 GeV h >E., =M.,

e— continuous

Yisr recoiling against
ISR photon

L..=460 events/fb




1 n: 4C fit
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subtracted using MC calibrated with data
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T 11 n Angular Distribution

BIBARE
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Vector Meson Dominance
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Vector Meson Dominance
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' nand CVC

compare e'e — n'n 1 with © — van 1 (vector current)

CVC-prediction from cross section ¢c’'c — n'n n:
B(t — va’n ) = (0.160+0.009)%

BaBAR combined with n— 31T result [BABAR 2007]:

B(t — va’n ) = (0.162+0.008)%

direct measurement [PDG14].
B(t — vt ) = (0.139£0.010)%
isospin-breaking?
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MC simulated background
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BIBARE
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KK, 110, KoK, 19110, ¢
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J/@ Branching Fractions

olete = X)xI'(J/p—ee )-B(J/Y— X)

ISR cross section PDG 14
BJ/p — 1t11n) = (0.042+0.008)% (0.040£0.017)%

By — KK, 1) = (0.206+0.026)%
By — KK, n) = (0.145+0.033)% K+*Kn: (0.085+0.014)%
By — KK, T0m0) = (0.18620.044)%  K*K-Trom0; (0.235+0.041)%
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Summary & Conclusions

measurements of o(e*e™ — hadrons) add precision and increased
energy range to the hadronic vacuum polarisation

new channels T n, T 100, KK, 10, KK, 10110, KK n
specific channels: a **-10°=36.3+1.4 (HLMNT) — 35.1+0.7 (new)
small changes do not solve theory/expt. discrepancy

also improves precision on running Aqgp(My)

side results: test of CVC — isospin breaking

BFs of rare J/y decays

Thanks yous
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Cross Section Measurement

measured
/ |
BABARY - M) 2M
Omdi}o”( ) _ ?'W{S»a:, C)Ortn=2r0 (M)

radiator function,
X = energy fraction of ISR photon
lcos §,| <C




Hadronic Contributions to g-2

had,LO VP
au 0.9

dominantly low energy




Exclusive Contributions to a,

nmtwT
KtK~
KK}

7y
2wt 2w~
nw
no
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<1.8 GeV

0.88 £ 0.10
22.09 £ 0.46
13.32 4+ 0.16
0.76 £ 0.03

505.65 £ 3.09
13.50 £ 0.44

0.11 £ 0.01
47.38 £ 0.99
18.624 1.15
4.54 +0.14
0.69 £ 0.02
0.02 £ 0.00
0.38 £ 0.06
0.33 £ 0.03
0.04 4+ 0.04

KK
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nrtr2m0

nwtrT

2.77£0.15
3.31 £ 0.58
0.08 £ 0.04
0.01 £ 0.00

1.20 £ 0.10
0.60 & 0.05
0.11 £ 0.02
1.80 £0.24
0.28 +0.28
0.22 £ 0.04
0.98 +£0.24
0.42 4+ 0.07
0.46 & 0.03
0.11 £ 0.02
0.11 4+ 0.06

<2 GeV



' N Vector Dominance
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‘\ BABAR model fit results:
Parameter Model 1 Model 2 Model 3 Model 4
.A.A 9p(770)5 GeV~! 1.1£0.3 2.44+0.3 1.9+0.3 1.7+ 0.3
9p(1450) » GeV~! 0.48 £ 0.02 0.36 = 0.05 0.44 4+ 0.02 0.46 +0.03
gp(1700) GeV ! - 0.049 £ 0.020 0.086 £ 0.012 0.015 £ 0.008
o1 GeV~! — 0. 0.10 £ 0.02
M p(1450) GeV/c? 1.487 £ 0.016 1.54 +£0.01 1.50 £ 0.01 1.49 £+ 0.01
M 5(1700) GeV/c? - 1.76 £ 0.01 1.83+0.01 1.83+0.01
mym, GeV/c? - — 2.00 £ 0.04
I',1450), GeV 0.33 £ 0.02 0.31 4+ 0.03 0.28 4+ 0.02 0.29 4+ 0.02
I'1700), GeV - 0.18 £ 0.04 0.17 £ 0.02 0.08 +0.03
Ly, GeV — — — 0.42 4+ 0.10
v 0, m 0, m, 0, m 0 0,7, 0,0
X2/ndf 13/18 28/23 17/23 23/28




Systematic Errors

“’
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TABLE I: Summary of the efficiency corrections and system-
atic uncertainties.

Source Correction, % Systematic uncertaint

V (v' Selection criteria 95
BIABIATRE

Background subtraction

Moyt =y < 1.35 9
1.35 <mqr—p < 1.80 2
1.80 < mpqp—p < 2.50 5
2.50 <mg4 -y < 3.10 10.5
3.10 < m 4 -, < 3.50 11

1 reconstruction -2 1.0

Track reconstruction -1.1 1.0

ISR photon efficiency -1.1 1.0

Trigger and filters -1.5 1.6

Radiative correction 1.0

Luminosity 1.0
Total

Moyt n—p < 1.35 -5.7 10
1.35 <mg4 -, < 1.80 -5.7 4.5
1.80 < mt p—p < 2.50 -5.7 6.5
2.50 <mg+t -y < 3.10 -5.7 11

3.10 <m4 -y < 3.50 -5.7 12




mrr oY at Low Energies
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Systematic Errors

TABLE I. Systematic uncertainties for different mass ranges.
For the f_,xfut total llIlCthdilltiL‘rh in the low-mass region

ﬂf(ﬂ'-‘_ — 9 J < 1.2 (:T(_\\‘ H(_‘(_“ Tab.I1.

M(rtn— 27" j((_ﬂ;‘r‘x-’;r;"z) < 1212272732 >3.2
.A.A[j@ Tracking eff. 0.8% 0.8% 0.8% 0.8%
~ eoff. 0.4% 0.4% 0.4% 04%
210 eff. 2.0% 2.0% 2.0% 2.0%
in- eff. 04%  04%  04% 04%
Resonances in AtkQED 0.4% 0.4% 0.4% 0.4%
Mass res. 0.3% 0.3% 0.3% 0.3%
FSR 1.0% 1.0% 1.0% 1.0%
NLO ISR 0.5% 0.5% 0.5% 0.5%
ISR luminosity 1.0% 1.0% 1.0% 1.0%
continuum Bkg 1.0% 1.0% 1.0% 2.0%
ISR Background 1 — 100% 1.0% 6.0% 6.0%
Proton PID 0.2% 0.2% 0.2% 0.2%
Kaon PID (].-5%‘.- (],5%3 (].5'%- (].-5%‘.-
Muon PID Uf%‘, []f%.- Uf%‘.- 2[]‘/?

total 3 — 100% 3.1% 6.7% T7.2%



