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Motivation

S

QED is precision physics
= ay, = 1(g—2), testbed for QED
= experimentally: electron ok

= muon:
currently > 3¢ discrepancy btw.
theory and experiment

ali® x 100 =11659180.2 + 4.9
apn® x 1010 =11659208.9 + 6.3
Aa,, x 1010 = 28.7+8.0

s Test SM
new physics?
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Motivation

Muon anomalous magnetic moment
sensitive to hadronic vacuum polarisation

had

ab-initio calculations difficult
experimental input required:
o(eTe” — hadrons)

a2 LO 5 1010 = 692.3 £ 4.2

Davier et al., EPJ C71, 1515

abr O 1010 — 694.9 £ 4.3

abrd:NEO 5 1010 — _9.84 +0.06 + 0.04

Hagiwara et al., JP G38, 085003
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Motivation

had
dispersion
relation

K(s) : analytically known kernel function

a?(0) r K(s)
aﬁad’LO = / ds — R(s)

Te~ = h
R(s) = ole’e 7_> adroils) experimental input
olete” = ptu”)

dominated by low-energy cross sections
improve precision by measuring exclusive final states

KQKQ 70 (x0) ISR from BABAR | W.Gradl | 4



eTe~ — hadrons cross sections from BABAR

S
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= = —
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The BABAR experiment

Instrumented Flux Return
— . Identification of d
m PEP-II: ete™ collider, 3.1 x 9 GeV? Solenoid 1.5 T neatral hadrons
 efficiency > 85%
— Cherenkov Detector (DIRC)
\/g - 1058 GeV [T(4S)] Particle identification

T misid ~ 4% at p > 1.5 GeV
1K separation > 3.40

atp <35 GeV
ceV)
e 23

= Asymmetric beam energies
c.m. lab boost By = 0.56

m Asymmetric detector

» acceptance in c.m.
—-0.9< 6*<0.85
> detects ~ 15% of ISR ~
» contains ~ 50% of events
. Electromagnetic Calorimeter
with fwd/bwd ~v1gr lectron ond pmeton eneray

measurement

it
Silicon Vertex Tracker O(E)/E = 1.4% EV4 @ 2.2%

5 layers of double-sided Si-strip detectors Drift chamber
Vertex reconstruction, tracking + dE/dx 40 layers, momentum ms rement
u re yers, momentul easuremer
excellent performance Efficiency ~ 97% for charged particles and dE/dx

. . o(pr)/ pr= 0.13% p; @ 0.45%
» Good tracking, mass resolution

» Good ~, 79 reco. = High luminosity
» Full PID for e, w, ™, K, p > ’Cpeak —12.069 x 1033 cm—2s~!
» 513.7(18) fo~! accumulated
(1.7 bilion eTe™ — gq events)
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Initial state radiation in e e~

mete” = ygpete” = yigr X

= X is any allowed (hadronic) system, e.g.

» aresonance with JPC =17~

» 2 particle system with appropriate quantum
numbers

| S

m Cross section factorises into

do(s;s’,6.)

“arde, - Wl 0 ox(e)

Radiator function Cross section
known to < 0.5% ox(ete” = X)

m Use W or normalise to eTe™ — ™ p =y (Many systematics cancel)
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ISR at Y(4S5) energies

= Rely on tagged (= measured) photon
to identify ISR events

m Excellent momentum resolution by
means of kinematic fit

= High fiducial efficiency:
hadronic system forced into detector
fiducial region

.

Hadronic system
¥ ]

VISR

*
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= Harder momentum spectrum due to

boost

» fewer problems with soft particles

» measure down to threshold

= Simultaneous access to wide range of
s’ in single experiment
= very small point-to-point systematic
errors

= Large integrated luminosity

ISR Luminosity LR
(pb'/ 0.1 GeV)
T T
1000 b= | ) ppp =232 b -
/
100 —
10
. / Vs’ [GeV]
0 2 4 6 8

i jG|u







General event selection and reconstruction

= Using 469 b1 of data near Y (4.9)
m At least two charged tracks and at least four neutral clusters

s K9 — 77, pointing back to IP

= K9 reconstruction:
cluster in EMC with E > 200 MeV,
take direction from cluster, and energy from kinematic fit

= Apply kinematic fits for different signal hypotheses

= Invariant mass resolution
for the hadronic system ~ 25 MeV

Events/0.0007 GeV/c*

o

L I I L I
0.47 0.48 0.49 0.5 0.51 0.52 )
m(n'n) GeVi/c

jGlu
KYKQ 70 (x0) ISR from BABAR | W.Gradl | 10



K? K7 reconstruction

Select events with kinematic fit x2 < 25
Estimate backgrounds from control region in 2

Nx :““\“"\““\““\““““\““
3= [ Signal Control
5 region region
£
o BABAR
m .
o H++*++#+ﬂ ﬁﬁllﬂn ?arydata |
T Ty {++1H{+H+Hﬂ++
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Events/0.05 GeV/c’

400 + 1
+ BABAR |

300 4 preliminary
t ;
200 .

3 4
m(K(K, ) (GeV/c?)




KYK?7 cross section

°
£
o’l: 3 H m
N} * + BABAR
v preliminary
© + stat. uncertainties only
2 + -
Loyt ]
b
++++++
' t 4
N f*.wﬂ.m
1 2 3 4

E,,, (GeV)

Systematic uncertainties include

m Background subtraction:
~ 10% for M(KQK979) < 2.2GeV, increasing to ~ 80-100% above 3.2 GeV

m Efficiency corrections
overall data-MC difference of (—9.5 +1.6)%
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KOK 70 resonant substructure

o, ], s
= 13 BABAR
> |2 minary]
3 3 preliminary
o [ 1 en 600 —
< 6001 1<
S | 1L
3 3
= 1s
o [
> | 1>
m 400
400}
200 4 2
K%(1430)1
.2
0

0 2 1 2

1
m(K¢) (GeV/ch)  m(K, 1) (GeV/c)

background-subtracted K970 and K9 7% mass distributions.
Fit: red line — coherent resonant; blue histogram — non-resonant component
Dominated by K*9 K9 + c.c.:

dominant contribution from K*(892)0K° 4 c.c.

small K3%(1430)°K° + c.c.
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K OK 70 resonant substructure: K *0K?

o, ———— T

;40()»— 7
(5]

O

8 | ﬁ BABAR

=3 - P

3 300 preliminary

=

o

>

Py |
200 - ¢ background subtraction -

* & K* component
% from fit to K pi mass

L Ml

3 4
m(K(K, 1) (GeV/c?)

Dominated by K*0 K9 + c.c.:
dominant contribution from K*(892)°K° + c.c.
small K3(1430)°K° + c.c.

K*(892)° K0 + c.c. aimost saturates cross section
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K? K7 resonant substructure: ¢

KA K70

rBABAR PRD 77, 092002

o), nb

BABAR

0.2 preliminary

0.

1.2 14 1.6 22 24 26 28
E,__,GeV

c.m.”

Small contribution from ¢7®; compatible with cross section measured in K+ K~ 7
Isospin I = 1, OZI suppressed
Possible resonant structure around 1.6 GeV
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KYK?7070 cross section
T T T —
+ BABAR BABAR
preliminary o6l preliminary ]

Events/0.1 GeV/c’
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K? K779 resonant substructure

(\IO T INU B Tl
2 150 2.5l  BABAR ]
% % reliminal
3 3 P ry
o o
< <
g | <
@ 100 i3 100

501 N\ 50

ol

2 1 2
m(K¢') (GeV/e)  m(K; ") (GeVic)

Some K*(892)° evident (190 + 44 K979, 171 + 32 K979)
but statistics too low to study further
No indication for K*(892)0 K*(892)°

Consistent with K*(892)° K70 + c.c. as expected from K+* K~ nt 7~
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Charmonium — K2K 7 (7Y)

Previous measurements of J/i) decays:
J/p(1S) — KKn
- T(J/Y(1S) = KK7 ) /Tiota

INSPIRE search

Tos /T

Value (107%) EVTS  Document ID TECN Comment . . .
61.£10. OUR AVERAGE Not all possible isospin
525120 B FRANGIN 1O MR o o o RO combinations in final state
78.0 £21.0 126 VANNUCCI 1977  MRK1 et ¢ — K3 K¥n® included in PDG K K7
References

FRANKLIN 1983  pRL 51963 Measurement of (3007) and ' (3686) Decays into Selected Hadronic Modes

VANNUCCI 1977  pRD15 1814 Mesonic Decays of the 1(3095)

J/p(1S) = n°n° KT K-
» T(J/Y(LS) = 7°7°Kt K ) /Tiotal

INSPIRE search |

Tyy/T

v D(J/Y(LS) = n'x° KT K~ ) xD( J/9(1S) = et e )/Tiotal

ToTs/T

Value (eV) EVTS Document ID TECN Comment
13.6 £1.1£1.3 203 £16  AUBERT 2007AK
References

+ e + K=atn= . K* K- 20
PRD76012008 ¢ ¢ — K*K-a*m~ K* K- ='

AUBERT 2007AK
Measured with Initial-State Radiation

BABR 106 e* ¢ — 77’ K*Ky

#”and K* K~ K* K~ Cross Sections

olete” = X) < I(Jp — eTe) x B(Jjp — X)
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Charmonium region

NU T T A N8 T
2wl BABAR ] > BABAR
6] I &) I
S preliminary S 0f preliminary |
S S
5 5
E
10H
. t
%.5 g 35 z4 (5.5 “4 315 4‘1
m(KK, 1) (GeV/c?) m(K¢K, n'n") (GeV/c?)

Fit with MC signal shape + second-order polynomial (background)

I K9 K9 70 182 +21
KSKY 7070 47411

K% K9 70 <8

w(29) KIKO 7m0 7x0 1416
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Charmonium region

NU T T A N8 T
> ol BABAR ] > BABAR
2 preliminary 52 2ol preliminary |
S =
40
10H
20
1 Il Il + Il
%.5 3 35 zli (5.5 3 3.5 4
m(KK, 1) (GeV/c?) m(K¢K, n'n") (GeV/c?)
B/1073
BABAR prelim. PDG 2014
Jhp — KIKO 70 2.064+0.24 +0.10
Jjp — KIKOnO0r0 1.864+0.434+0.10 2.35+0.41 (from KT K~ w%x9)

P(28) — KQK970
P(28) - K9K97070

< 0.3
1.2440.544+0.06
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Charmonium decays to K * {0

BABAR ]

preliminary |

N
o
T

[\e]
o

Events/0.02 GeV/c’
Events/0.02 GeV/c?
[\ )
S

o = I ! P
2.5 3.1 3.7 2.5 3.1 3.7

m(K'(892)’K") (GeV/c?) m(K,*(1420)°K") (GeV/c?)

See significant yields for J/yp —

Events B(Jlp — X) x B(X — K°7%) x 103

K*(892)°K0 +c.c. - KK 7O 106 +13  1.204015+0.06
K3(1430)°K° 4 c.c. - KOK970  37+11  0.4340.1240.02
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Summary

= Measure cross sections for ete™ — K9K970(x0)
= Resonant substructure explored with ©(102) events

= Contribution to a,:

alSETT (B <2GeV) x 1019 =3.314+0.58  HLMNT 2011
aBIKEmm (B < 2GeV) x 1010 = 2.41+0.11

s Al KK7and K K7 now directly measured by BABAR
no isospin relations needed any more for cross sections and dispersion relation!

= Branching fractions for J/p and ¢’ to K9 K970 (70)
improved precision, first measurements

= Final word from BABAR for these channels.
More progress: BESIII, Belle Il, VEPP-2000
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