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Motivation: (g,-2) and o(My)

Motivation: Hadronic Vacuum Polarization
High Precision Test of the Standard Model

—> Anomalous magnetic moment of the muon

Muon-Anomaly a,=(g,-2)/2=a/2x+ ...

theo QE Weak New physics
.u Ql- .u + aM

> Fine structure constdnt at Z’-mass oz, (M)

2nd largest contribution, pQCD not applicable
Error of hadronic contribution dominates total error of aM!

Central Values Uncertainties
a f 0,.q(s) K(s) ds
Experlmental input p— 1 0I5 V4 >5GeV
into dispersion integral 2 5GeV 2-5GeV
* K(s) = analytic kernel-function, 1 2 GeV

1 2 GeV
from S. Eidelman

* above typically 2...5 GeV, use pQCD
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ISR at Y(4S) Energies

e+ YISR Master-Formula:
Hadr +y _
hadr — 0 0ar(8) X H(s)
Mhadr hadr /'
Radiator-Function (NLO)
Hadrons
e- MC-Generators EVA, Phokhara, AfkQed
Vs=10.6 GeV J. Kuhn, H. Czyz, G. Rodrigo
ISR-physics: = N E
« Already used at KLOE, used at & 07k
BABAR over a wider energy range & 4 F
- Whole Vs' spectrum from threshold | E'° [
to~4...5GeV © 0|
« Data comes as a by-product to 0 [
the main physics goal of PEP-II s -
. . 10 = _ EEEEENEI
* Greatly reduced point-to-point un- F ISR@PEP-I1 Vs [GeV]
certainty with ISR-program at PEP-II 10 —— — e
1 10
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ISR at Y(4S) Energies

Features: Normalitzation:
Rely on tagged (=measured) photon 1) Integr. Luminosity L, * Radiator Function H
for identifying ISR-events "> Large angle Bhabhas "> Theory
Excellent momentum resolution OR
by means of kinematic fit 2) Or better: use e'e-— pu*u-y events
. . : ISR dN,,, (M)
High fiducial efficiency : dL™"(M) = o~ 6“‘” Ty L. +dH
wide-angle ISR~y forces hadronic system into 8““Y( Y1+ O ( ))OW (M)
detector fiducial region at large polar angles ISR Luminosity LISR ' T /z
Hadrons (pb'/ 0.1 GeV) /
r I I / ]
/- 1000 &— |, =232 b T
100 | -
Harder momentum spectrum due to boost /
- fewer problems with soft particles; 10k ;
- allf)ws to go down to threshold 1 / Vs’ [GeV] '
Typically systematic uncertainties ~5% ; : :
0 2 4 6 8 10

up to ~20% depending on mass
and channel L g = integrated luminosity in energy scan, corres-
ponding to same statistics as the one in ISR method
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'‘BABAR.

Exclusive Hadronic Channels
available at PhiPsi06 @ BINP

- ete- — -l

P _ _ _ _ } 89 fb-!
-ete” — 2(w*n), mtnKHK-, 2(K*K")
- ete- = 3(n*no), 3(wrrnO), 2(mtn ) KYK- } 237 iyl
-efe” — pp
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Many new Results
since then ....

-ete = i ndwd, K* Kt -, K* Km0 it
- ete = 2(mwtm)n?, 2(mwrw)n, v KK, wtn- KK
- ete = K*Kn?, K*Kgn-, K*K¢n
-ete —= AIAO, AX0, 3030
all based on 232 fb"!
now available: ~500 fb-!!
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4 Hadrons:

ete- = mta a’nl
ee- — KK mtm
ete- = KK~ a%nl
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ete — ata aln?

W
h

* Important mode for a, and oy,
* Preliminary precision: 8% in peak — 5%

» Good agreement with SND <1.4 GeV

* Huge improvement >1.4 GeV
* First measurement >2.5 GeV

4.5

=
= #P(1450)
= 30l b BaBar
e i; #+ preliminary
T 25
! ;p(1700)
2 I t
S 20f # ++
¢ }
15[ ¢ ¢
I # '
o ' 0(2050)?27
L # **0‘
I .
. K™
5 - 's..
093" VI S ¥ S S R
E.. [GeV]
Features:

N~

ol¢e — ') |nb]

ole'e = 1) b

R
s |
preliminary | .%,;; :#‘
i
:%#::'ﬁ: jﬂ it +
%4{«%* i1
o
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Substructures in ete- — ata a’nl

10000
ool BaBar Intermediate states:
i preliminary w70
6000 |- 4  o . .
i PTP~, combine with meas. at 10.6 GeV
4000 :— | / pO f0(980)
i MC 2 entries/event /
2000 [ L‘% a1(1260) JT
_I L1 1 . I | | 111 | | 1 111 oscnlvemel sl
?).25 0.5 0.75 1 1.25 1.5 2.25 2.5
T’ [GeV/c’]
— 1.5 E
f\l8 :
% 1.25 - Data
& i non ®T -
= = B | \ MM, 25
R & B S 500 Yy N
-+ =+ s,
£0.75 Eo7s) R b M
Eu - - ﬂ‘ ‘.p‘
0.5 0.5 ’ e,
s : Fii 0 |u'||||||||||||||m-
0.25_ vt o RS O.Zsb1||]1|1111|11111:||1141 1 2 3 4 5
025 05 075 1 125 L5 025 05 075 1 125 LS m(t '’ [GeV/c)]
m(nm) [GeV/cT] m(nt t) [GeV/cT]
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(Sub)structures in e*e~ — ata n’n?

BaBar I BaBar
' preliminary - : preliminary

2000

M,_ [GeV/c?] M,_ [GeV/c’]

New 4x MC (Czyz, Kiihn, Wapienik) arXiv:0804:0359
Questions:

- For first time p*p~is seen, it is large and even dominating the non-m-

spectrum, surprise in QCD? Combine with BABAR measurement at 10.6 GeV
- The structure at 2050 MeV is the p(2050)?!
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ete- = K'Kntn, K K-n’q’

PRD-RC 74 (2006) 091103

Motivation:

« Factor 2.5 more statistics with respect to published result
» Search for ¢(1020)f,(980) final state and relation to ¢(1020) — £,(980) y

 BR of JAp and Y(2S) to ¢(1020)mw
 Search for new states

2 [T KtK-ntn- s [ K*K-rt%rY
= 9 BABAR < | ’
; % ¢ - BaBar ISR j; BABAR
) 2 1 ‘
5 5 H |
4 % :;:' - DM1 |H‘ “ I
+‘-}
®
4 * ’ i
+ 0.5 ) +
2
w o H it
5 " it 44
‘ e, , ‘ | tit +++++++ -+# .
0 l____é ,,,,,,, : .‘r\"‘"“!‘;’vm [y JL— 1L ”n akal D i ciaae caca Y P
1 2 3 4 1 2 3 4 5
Ecum. (GeV) E. v (GeV)
» Systematic error 8% (was 15%) * First measurement ever !
 Error dominated by acceptance  Systematic error 11%
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Structure in e*e— ¢ f,(980)

13

m(tn) (GeV/c?)

(980)

. p from
1K,(1270,1400)
- — pKdecay

15 1 KKt
1 ‘ :
S |)
0.75%
05
025 . ’
0.98 1 1.02 1.04 1.06

m(K*K-) (GeV/c?)

1.25|

KK-n%0

m(n°n®) (GeV/c?)

0.75

0.5

0254
0.98

1

=fq(980)

.
- s .

1.04 106
m(K'K") (GeV/c?)

" 0p* =0.236 = 0.075 + 0.040 nb

New state with J?¢=1-- with

mass of 2.175 GeV and 58 MeV width ?

2

+ Abkg.

i
Jo,m I e

. \/T |
Fit: o(E., =+s)~4/l-—L2
S ‘m

Toy MC gives <107 probability for stat. fluctuation

2 .
=s—im I,

Strangeness partner of Y(4260) ?

=l m, = 2.175 = 0.010 = 0.015 GeV/c?
s r,=0.058 = 0.016 + 0.020 GeV
7 ¢ = - 0.56 + 0.30 = 0.20 rad.
04 r 4 * Kt K—mt'mt- _
{ o ° K*K-nn? _
]l BABAR -
0.2 -
i o 434l 4 4 |
0 1 :r. PR, X ._."1+.§”.’
1.8 2 22 24 2.6 2.8 3

E. v (GeV)
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PRD 76 (2007) 092005

5 Hadrons:
ete- — wantaal, tnatan
e'e- = K'K-ntnn’, K*K-n*tnn
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ete = o awtaal, o

First inclusive measurement of these states

' ¢L A1 A ) A A

e
T

o(eTe = 2(mr)) (nb)
L

BABAR |

E_ (GeV)

C.1m.

30.000 events (20% bkg. on peak)

= o tap—r -
= BABAR T
gl.a* B
ﬂ'le

2

= JAp

T

o 1| i
o

@)

E _ (GeV)

C.II1.

4.300 events (20% bkg. on peak)
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Substructures et e~ — ataataal

BABAR

Q

e

=)
I

Eyems/o.oosgev/cZ

selected
events

non-ISR

background |

.1.

m(t T n ) ((TCV/(, )

Rich structure: clear peaks are visible
- ~20% mm*m-, mostly np?
- ~40% wr*w~, contains some wf,

the rest is well described by o’ and o’
- then almost all p°p*m-

Nt and ottt modes consistent with
previous measurements, better precision

o(e’e -nm'T) (nb)

I\)
R o e

NI g + H(D_JDETn-
. 13 # boowen
* * n —C:JADC: +% 2 ’%'}». <I|> — DM2 ,

+ — BaBar

MH BABAR.

<:> — DM2 -
al
BABAR ? ﬁ%’i

(GeV) (CICV)

C m. c1n
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Substructures e* e~ — wtw At N

o~ e
]
% : f] ( 128 5) selected |
100k / events i
g | 7 |
% i non-ISR 7
5 I bagkground | m
m 50 j 'L | 1"
| I | f‘F.JiJL | | I I L i | | )
83 1.5 2 2.5

m(T T n) (GeV/e?)

—

Nn'wr

BABAR |

Clear evidence for 1’ and f,(1285), both

channels showing a stracture at ~2 GeV
=> Is this the p(2150), p(2050) ?

99 + 0.08 GeV/c?

1.9
0.31 +0.14 GeV single BW fits

m=2.15 + 0.04 + 0.05 GeV/c?,
I'=0.35+0.04 + 0.05 GeV

E (GeV)

C. 1
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arXiv:0710.4451 submitted to PRD

3 Hadrons including 2 Kaons:
ete- = K'K-a% K*Kn
e'e- = K'K;m
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e"e- — K*Kn’, KiKn

2 L s |
= | =
Sels - KtKn? | z+4r K KSKJT .
I:E ] Mm B
£ F BABAR A * BABAR
¢ TLL || .
'O + +G)
o 1 bl
5 ‘ | I 7 |

I ’ | 2 2

| L™
w |||I|IM||"|}| i i II Ilmhl
,ﬂ'h L TPX o o
! ; — MI‘% T = 0 I b | NM“‘WWIM 9 s
Ecm.(GeV) ? : *

Features:

* Dominant decay mode for the ¢(1680)

* Systematic errors 5% - 6%

* Significant improvement over existing measurements from DM1, DM2
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Dalitz plots for the K*K-n’, KK

— | ] T T ¥ T T I
-:r:_:'l 4+ —
2 +C— el
”:;—3 ) KK™n
4]
= | 5 BABAR
3 . 4
- (=]
_:'F: o o %
.p-q:d o 0o o o
E [ EIEIEEDEDBD EI-
2 OoO0OoDOooe oo o o |
L o = | T
Ooofo
cooo
[}
™|
ood =]
1 Oo
- —
Oo
o
i I i ke A L i h i

A I i A ]
] 2 3 4
My (GeV7/ich

Both Dalitz plots are dominated by the K*(890), some K,*(1430) also present

=>» Allows to extract the isospin components (isoscalar, isovector) of the KK*(890)
cross section (moduli and relative phase)

=> Allows a description in terms of vector meson resonances without interferences

Achim Denig BABAR Results on Hadronic Cross Sections with ISR



Isospin components in K*(890)K

A global fit in E_  bins has been performed

)y

LInI:i:_(..t'; *KK") (nh)
L

o, (e'e —=KK") (nb)

Eep. (GeV)

Result: isoscalar and isovector channels are dominated by resonances

consistent with:

\ BaBar
| .' {*| Fol
i
[
Y
y i
h* + ;r'ik’:r_ﬂ:hi -
I.{ 1.6 18 2
Ec . (GeV)
m=1708 = 47
= 322+178

0(1680)

1505 + 20 MeV/c?
418 + 25 MeV
p(1500)
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to appear in PRD

Baryons: B B
ete- — NIV, A0SV | 3U3V
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etem — AVAD, A0SV 3050
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Continuation of the ISR-baryon program, which started with the

measurement of the proton form factor in the time like region

Select events with A—pn- and A—pm*

Add an additional photon for the X candidates
Perform a kinematic fit with A, ¥ mass constraints and distinguish channels based on best x>

> p BaBar | > |1, BaBar | 5 15 | BaBar |
Em h AOAQ é 6 Jhp AOF0 § v 3050 |
%' | 363 signal | = | |  18signal | £ | 43 signal -
5 15 bkg g 6 48bkg 1 EW 5bkg ]
= > +xfeed | 2 -
. 4 L i
0
5_ —
| pes) | H 1
ﬁhmh Lo ﬂ'.ﬂ\!‘]nmk.yﬂ |
25 3 i3 4 25 3 is 4 25 3 i3 4
Mz (GeVieh) Mz (GeVic)) Mz (GeVich)
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Baryon (Effective) Form Factors

ogglm) =

I

dre?3

[Ga(m)P + 3-IGa(m)P|

Effective FF:

|Ge[=|Gyl "'“

////?é
///ﬁiﬁﬁ*

T_ﬁ[ f' |+. i _+_ F, in agreement with

All FF*‘s showing
rising behaviour

All FF¢s seem

to have consistent

behaviour

k\/

Cross section parametrized by magnetic
and electric form factors G,, and G,
T =m’/4my’

03

* BaBar

L BN B
A

a DM2 y
» FENICE Gp/2 |

Il
B thf |

_+_

i ' i +
L 1.2, L3 -
T=M3; /4AM; or M., /4AM;

the prev. measurem.

28 3 (DM2) and with F,

Achim Denig
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|G,/ G,,| for AYA?

25

- Can measure |G./G,,| by fitting the distribution of the cosine of helicity angle

Pt L 1 T T ] T L 1 T T
= | BaBar Mas<24GeVic’ | = | BaBar 2.4-2.8 GeVic® |
%2[1 % i
15 } . m—. L .
i 1 _;
+ = g
I:11 5 0 0.5 1 I:11 15 0 0.5 1
Ccosbl Ccosbl
+0.99 +0.66

-0.71
Within large errors consistent with proton results

- AV polarization tested by fitting the slope of the angle btw. the polarization axis and
the proton momentum in the A° rest frame: -0.22 <P ,<0.28 @90% C.L.

=> tests a non-zero relative phase btw. G; and G,;: -0.76 <sin¢ < 0.98
Achim Denig

Czyz, Grzelinska, Kuhn: hep-ph/0702122



Conclusions
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Conclusions

 Radiative Return physics continues to be a productive field
beyond B-physics at B4ABAR

* Measurements are important to improve our theoretical
understanding of (g-2), and (M)

* (Sub)Structures: growing impact in the field of hadron spectroscopy
- New structures at low energies at M~2175, 1900, 2050, ... MeV

- Y(4260) discovered in ISR-events
- 26 JAp and 10 y(2S) branching ratios measured, very competitive

* In future many new, improved studies planned
- update current results
- additional excl. channels under study, 1n particular efe~ —m*m-
- inclusive measurements of R
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Conclusions

= ! T T
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S30 - 4 +++$+ @ 2n+2n‘0 —
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> +++ +4 ¢, ® 2n2nm 0
- s % ® 3n'3m +2m 2% 2%
% ++ ¢‘ o=
38 - + ¢ ® NI
=20 o ¢t 3 ¥y N
&) p R
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: . 4 ¢<>
+
- ¢+ * * s
10 + + Rl
*% + WWM/.\ R
* , radhit SUNE S
¢ f*++ + +‘+‘+ + % t* . ooo@.. * +”-0-'0*0-" *>
< - + t—"—._.:;i‘“f_véﬁﬁﬂ"v-‘ s N ’:o-.::o‘.:""”"b-c-_., o *> R Py
0 m:..].ﬂ T ,#.J;g;*. T atines aone oo SoesoBosR800000
1 1.5 2 2.5 3
E (GeV)

To calculate R only using B4BAR data in the energy range
<2 GeV the missing processes mtm-, wrn-3nY, mtn-4nY, K'K-,

KK, KK must be measured.
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