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© Motivation: muon-anomaly (g — 2),,
© Initial State Radiation (ISR) analyses at BABAR
© Recent results on the reactions:

o efe” —» KtK rntn= /KK nO70

eete” - KTK KTK™

e ete st ntn™

@ Summary
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Motivation: muon-anomaly (g — 2),

The anomalous magnetic moment of the muon (g — 2),

gyromagnetic ratio: g

=gt S

2mc
spin % — Dirac theory: g =2
QFT: g#2
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Motivation: muon-anomaly (g — 2), Introduction and direct measurement

The anomalous magnetic moment of the muon (g — 2),

gyromagnetic ratio: g

/j:g;r]ric.s

spin % — Dirac theory: g =2
QFT: g#2

muon anomaly: a, = (g —2),/2 »
atheory . aQED+aweak+ahad Brookhaven National Laboratory (BNL)
iz — " Iz ) [G.W. Bennett et al., PRD73, 072003 (2006)]

BNL E821 11659208.9 6.4

.10—10
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Motivation: muon-anomaly (g — 2), Introduction and direct measurement

The anomalous magnetic moment of the muon (g — 2),

gyromagnetic ratio: g QED weak
'L—l: = g2fr]7§c -5
spin % — Dirac theory: g =2
QFT: g #2

muon anomaly: a, = (g —2),/2

theory _ _QED weak had
M =a,; +a, "+a,

BNL E821 11659208.9 6.4

QED 11658471.809+0.015

weak 15.4 +0.2 10710 _
[A.Czarnecki et al., PRD67, 073006 (2003)

Erratum-ibid. D73, 119901 (2006)]
[M.Knecht et al., JHEP 0211, 003 (2002)]

[T.Kinoshita et al., PRD73, 013003 (2006)]
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Motivation: muon-anomaly (g — 2),

Introduction and direct measurement

The anomalous magnetic moment of the muon (g — 2),

gyromagnetic ratio: g

'L_l: = g2fr]7§c ) §
spin % — Dirac theory: g =2
QFT: g#2

muon anomaly: a, = (g —2),/2

theory _ _QED weak had
M =a, +a, " +a,

BNL E821 11659208.9 +6.4
QED 11658471.809+0.015
weak 154 4+0.2

had 693.0 +4.9

hadronic

had. vacuum polarisation

9 %"7Gluon

aqep ~ 0(1)=pRED
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Motivation: muon-anomaly (g — 2), Introduction and direct measurement

The anomalous magnetic moment of the muon (g — 2),

gyromagnetic ratio: g contribution to
= gjfc -5 had
spin % — Dirac theory: g =2
QFT: g #2 .
muon anomaly: a, = (g —2),/2 TGy

[F. Jegerlehner et al., PR 477, 1 (2009)]

theory _ _QED weak had
M =a, +a, " +a,

exp. input
BNL E821 11659208.9 +6.4 B
QED  11658471.809+0.015 c
weak 154 +0.2 .10—10 hadrons
had 6930 :|:49 eJr had. cross section

BNL—-SM 28.7 :|:81.0
|
3.60 [M. Davier et al., EPJ C71, 1515 (2011)]
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Initial State Radiation (ISR) events at BABAR

e (9GeV)
—Jﬂ‘_ﬂ"’ "
/s =10.6 GeV hadrons = e =i
hadrons I
BABAR
et (3GeV)

ISR selection

@ Detected high energy photon: E, > 3 GeV
— defines Ecy & provides strong background rejection

@ Event topology: visr back-to-back to hadrons
— high acceptance

@ Kinematic fit including ~visr
— very good energy resolution (4 — 15 MeV)

@ ete -boost into the laboratory reference frame
— high efficiency at production threshold of hadronic system

@ Continuous measurement from threshold to ~4.5 GeV
— provides common, consistent systematic uncertainties

v
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Initial State Radiation (ISR) events at BABAR

e (9GeV)
b JISR_ 1 ‘r
/s =10.6 GeV hadrons = e =i
hadrons I
BABAR

ISR selection

@ Detected high energy photon: E, > 3 GeV
— defines Ecy & provides strong background rejection

@ Event topology: visr back-to-back to hadrons
— high acceptance

@ Kinematic fit including ~visr
— very good energy resolution (4 — 15 MeV)

@ ete -boost into the laboratory reference frame
— high efficiency at production threshold of hadronic system

@ Continuous measurement from threshold to ~4.5 GeV
— provides common, consistent systematic uncertainties

v
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ISR analyses at BABAR

published
ete” —» nfm™ PRL 103 (2009) 231801, (sub. to PRD (2012) arXiv:1205.2228)
ete” — $£(980) PRD 74 (2006) 091103, PRD 76 (2007) 012008
ete™ » ataa° PRD 70 (2004) 072004
- Fpe— gt =0 0t T
ete” - KTK n,KTK ", Ks K== PRD 77 (2008) 092002, PRD 71 (2005) 052001
+ - SN et =00 pet po— o — -
ete” = 2(r ), KTK nm'n ,KTK 7 rn ™, 2(KTK™) PRD 76 (2007) 012008
ete” = 2(rtn )% 2(rt ), KT K w7l KT K —nt ™y PRD 76 (2007) 002005
ete™ = 3(rtn7), 2t w0), 2(rt T )K T KT PRD 73 (2006) 052003
ete” — pp PRD 73 (2006) 012005
ete™ = AA, AX0, 5050 PRD 76 (2007) 092006
ete™ — cc—. »
accepted for publication by PRD
ete™ = 2(rtn™) arXiv:1201.5677
ete” = KK nn® KTK ntn™,2(KTK™) arXiv:1103.3001
v
ongoing analyses
ete”™ - KTK—, KOK?, nt ™ 700
v
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I N TR S

ete” - K"K ntn~
— KtK— 7970

accepted for publication by PRD, based on 454 fb~!
(arXiv:1103.3001)

our previous publication, based on 232fb~! of the data:
Phys. Rev. D76, 012008 (2007).
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Cross section for ete™ — KK nr
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@ syst. uncertainty: 4 - 11%
@ resolution: 4.2 - 5.5 MeV

e J/i clearly visible
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@ syst. uncertainty: 7 - 16%
@ resolution: 8.8 - 11.2 MeV
e Jiip clearly visible
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Recent results

Intermediate Resonances of eTe™ — KTK 7
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+ e
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m(K*T) (GeVic?) mK" ) (GeV/ic?)

x
non-resonant contribution
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Intermediate Resonances of eTe™ — KTK 7
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Intermediate Resonances of eTe™ — K™K nrn—™

KTK nn~

N ) & Y2000 T
2 15000 K*(892) 1 s K1(1270)
Eis 19 3 B1500F E
="hH 10000 B = oF 19
& = £ - 1000E] | K1(1400)
R g s000E J |\ K3 (1430)] w F & SRR E
‘f-.z‘».“‘””m ” g 1o - q2 0 | L
1 5 2 I 115 225 38 7115 2025 3
m(K'T) (GeV/ic?) mK ) (GeV/ic?) m(K K7) (GeV/c?) m(K ") (GeV/c?)
cross section dominated by
K*(892)K*x¥ final state
K1(1270,1400) — K*(892)7 and
K1(1270) — Kp(770) are seen
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ete” = ¢ormr — K K 7w

S SRR
ete™ — O
— KtK—7m
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@ Requirement: ¢ — K"K~

@ Fit assumes two resonances

@ Y(2175) confirmed: J7¢ =17~

M=2176 =+ 14 + 4 McV/c?; T = 90 4 22 + 10 MeV

@ Might not be a radial excitation: width too small
& should also decay into ¢f(600) as for ¢(1680)

@ Strangeness partner of Y(4260)? Hybrid-candidate?

Andreas Hafner (Mainz University)
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GV = Sl

ete” > KTK KTK~

accepted for publication by PRD, based on 454 fb~!
(arXiv:1103.3001)

our previous publication, based on 232fb~! of the data:
Phys. Rev. D76, 012008 (2007).
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GV = Sl

Cross section for ete™ - KTK " KTK~

: v E
fio.z L { g .,01 300~ (,;2 80
: g
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? * = a 40
0.1 * * 7 100
i .
M{W WW Hisass,
oLt T om —
2 3 4 R e I [RE——
Ecm, (GeV) m(K'K) (GeV/c)
/ ]
Jip clearly visible ¢KT K~ dominant Non-¢ K+ K™ -combination

Additional structure present?
Systematic uncertainty: 9 — 13%
Resolution: 3 — 6.5 MeV
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Ve = VR
Cross section for ete™ - KTK " KTK~
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Recent results ete” »atn ntn™

+ -

ete” >t

accepted for publication by PRD, based on 454 fb~!
(arXiv:1201.5677)

supersedes our previous publication,
based on 89fb~! of the data:
Phys. Rev. D71, 052001 (2005).
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Recent results

Internal structure in various Ecy energy slices

(EPJ C18, 497 (2001))

Y 2
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Recent results

Internal structure in various Ecy energy slices

(EPJ C18, 497 (2001))

First column (4 entries/event):

Y 2
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Internal structure in various Ecy energy slices

(EPJ C18, 497 (2001))

o First column (4 entries/event):
3 1.0- 1.4 GeV/e*
Z sono- DATA | | 1000 1260
& 500 MC — 31( ) )
g 1 1 1 1 1 1 1 1 1 1
15 1 2 3 4 05 1 15 2 25 05 1 15 2 25
4-18Gevic 2000 H .
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1000) ) .
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400 T .
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2000 C P . .
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p " 3 0.
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v
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Recent results ete” »atn ntn™

Internal structure in various Ecy energy slices

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

(EPJ C18, 497 (2001))
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Recent results

Cross section for ete™ — ™

g r E * M3N
E ! 5 35 +DMI
B t + r DM2
P U it : (A):lalllar 2005
T ' + ‘e o BaBar 2012
K3 + 1 30
T 25 Yy 2
by ¢ =l
.
ol
i 4
+ o
s " ' 151
10k ! ¢ 0E A
T J/d) i -
e o . L . 5
% 5 "i 1‘5 ; 2‘5 “; ‘\3“; ; 45 1000 1500 2000 2500 3000 3500
B (GeVy Ecy (MeV)
@ Systematic uncertainties @ < 1.4GeV: agreement with previous
2.4% in peak region (1.1-2.8 GeV)
1% (0.6.1.1 Gev) BABAR results, SND and CMD-2 data
4% (2.8-4.0 GeV . L.
o ( s ) @ > 1.4 GeV: highest precision (bm2, 20%)
@ J/i visible
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Recent results ete” »atn ntn™

Impact on (g — 2),

contribution to

1.0 GeV

[PR 477, 1 (2009).]

[EPJ C66, 1 (2011).] a, units in 10710

a(ntr wtnT) =13.35+£0.10 £ 0.52

4
a"d(nta~rtrT) = 13.64 £0.03 +0.36

"
calculation only based on BaBag 2012 data!
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Impact on (g — 2),

0 2 [ PRELIMINARY | 1
contribution to Sabe e
:Ii CMD2
! [ e BABAR
ahad g
H 1 o3sp
Sl

1.0 GeV

[PR 477, 1 (2009).] wb e,
o ‘% AR
li
155 Il I I I I Il
1000 1200 1400 1600 1800 2000
E,, [MeV]
[EPJ C66, 1 (2011).] a, units in 10710
2" (rt ) = 13.35 4 0.10 + 0.52 dominant contribution to Aa"*:
) ad(mtn n7%) = 18.01+£0.03 £ 1.24
ap(mtn ntnT) =13.64 £0.03 +£0.36 I
calculation only based on BaBar 2012 data! BABAR analysis in progress
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Summary

Measurement of hadronic cross sections via ISR is a very productive field
in addition to B-physics at BABAR
e Measurements from threshold of the invariant mass up to 4.5 GeV/c?
@ Many measurements for the first time with high accuracy
@ Hadron spectroscopy
e Important for theoretical predictions of (g, — 2)
— hint for new physics? (3.60)
@ Implications on the running of agep and predictions for the Higgs
mass
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Summary

backup slides
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PEP-1I and the BABAR detector at SLAC

@ asymmetric e” e -collider:
9GeV (e7) and 3.1GeV (e™) _—

e /s =10.58GeV = 7'(45)
= above BB-threshold

main purpose: B-physics
multi purpose detector
data taken from 1999 — 2008

integrated luminosity: 531 fb~!
on T'(4S): 454fb~1
~ 600 - 10° BB-pairs

PID (DIRC)

©0 ceV)

el _—

Vertex Tracker (SVT)

H Detector (IFR) Central Tracker (DCH)
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Coherent K*K* contribution in eTe™ — K™K nm

e TR T Extract number of K*(892)0 and
> 10 F s
{ G000 15 o} (b) | K3 (1430)° by fitting K* 7~ mass
N S 1S aoof 1 in every 40MeV/c? bin of K~ 7t
i 18" 500k E
er = ﬁZZOO; A mass . . 0 0
0 0,75 1 l‘.25 1,5HH 0 075 1 1‘425 1.5 % |ess than ]‘A)K (892) K (892)
mK) (GeV/c)) m(K) (GeV/ic))
v
glop M a Extract number of K*(892)* and
o - 138 + L 2
{ S (a) 2 0 K;(l430) by fitting 40 MeV/c
L 5500; ] 340 bins of K~7° mass
UL WA 17 — 30% K*(892)* K*(892)F
04575 lﬁnﬂ 05075 1 125 15
m(K*1%) (GeV/c?) m(K*1%) (GeV/c?)
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Summary

ete” = ¢ormr — K K 7w

e
ete™ = drm

) L T T o,
g S KtK—nr ] -;‘:M (980) %1500
N %150 ] O r
075 ’ ] Z v
& 1000
=
05 * ] 10 ] =3 i
£ 500
§ 1 50 ] Q i
025 S ] 3
1 } A
o ‘{ i Lt §98 T 1.021.041.06
T4 16 18 2 22 24 2£ z(xG Evz) 040608 lmwn.‘)'z(Gev}cﬁ) m(K+K') (GeV/cz)
4 v

@ minimum 2 peaks!

@ resonance confirmed: J7¢ =17~
M=2176 + 14 &+ 4MeV/c2; [ =90+£22+ 10MeV
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ete” > onn — KTK nhn™
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@ pions in T~ system are in

@ kaons from ¢ are in P-wave (as

@ pand 7T~

S-wave
S-wave

expected)

ISR at BABAR

system are in
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Summary

charmonium branching ratios

2@
=
! -
CH o N = 2(n"m7)) 2
BJ/#) So(ntr—) Tt = W = (48.9 & 2.1gar £ 1.05y5t) MeV/c” nb
2
-3
By aimba—y = (3:67% 0165 £ 0.085s + 0.09x) - 10
1
PDG o -3
by i, Bl opmtn—y = (3:554£0.23)10
7
EXY 32 3.3
M, (GeVi)  — agrees with PDG, higher in precision
2 _ _
3 ® 5 5 s _ o N@ES) - mtrTutuT)
P (2S) = J/p I —ptp— int dL/dE - emc
: = (84.7 % 2.245t & 1.8551) MeV/c% n
2
1 Bos) sy mtn— = 0354 £ 0.000s0¢ £ 0.0075s & 0.007cx
PDG
. Bl e oy mt 0.336 - 0.004
3.6 37 38
M, (GeVich) prL(’;'?H Jpmta— = 03504 0.0007ss £ 0.0077ext

— agrees with recent CLEO result (PRD 78, 011102 (2008))
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