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» improved model
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THE RADIATIVE RETURN METHOD

do(eTe~ — hadrons + v(ISR)) = I

H(Q?,0~) do(eTe™ — hadrons)(s = Q%)

» measurement of R(s) over the full range
of energies, from threshold up to 4/s

» large luminosities of factories compensate

hadrons o /7 from photon radiation

» radiative corrections essential (NLO,...)

High precision measurement of the hadronic cross-section

at meson-factories
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From EVA to PHOKHARA

EVA: ete™ — nhm—~ PHOKHARA 6.0: «tn—,
e tagged photon (6, > O.y:) H+N_v 47, NN; 37, KK;
e ISR at LO + Structure Function l A(_> o o0 )_/_X(_> S )

e FSR: point-like pions e ISR at NLO: virtual corrections

[Binner et al.]

to one photon events and two

photor\ll emissior| at tree level
——{\ U\, \YAYAVAV) 2 ——
§ ‘ = ‘

e FSRat NLO:w ™o, utu~ KTK™

Ef%e_'—+’4ﬂ'+-ﬁ’

e ISR at LO + Structure Function *

[Czyz, Kiihn,2000]

H.C., A. Grzelinska,
J. H. Kiithn, E. Nowak-Kubat,
G. Rodrigo, A. Wapienik

N e tagged or untagged photons

e Modular structure

http://ific.uv.es/ rodrigo/phokhara/
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Isospin relations: 47

(mt T miwy|J10) = Ju(p1,p2,pT,p7)

e
(Wii_ﬂ';_ﬂ'l Ty |J,10) =
JM(P;aPQ_aPTaPI) ——J'u(pii_,pZ_, pél_apl_)

‘|‘J,u,(p;_9pl_9pi|_9pz_) ——J'u(pii_,pl_, p;,pz_)

— _0_.0_0y v—
(m-mimamg|J, |0) =
Ju(p2,P3, P ,p1) + Ju(P1,P3, 0, p2) + Ju(P1, P2, P, P3)

() Ty T 7TO|J_|O>
Ju(p v P25 P15 P O) +Ju(p+aplap27p0)
J. H. Kiihn (1999)
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Isospin relations: 47

[ T dbn(@sas,- - an)

— Giﬂ' (QNQV — gquz) R(Qz)

oleTe — hadrons)(Qz)/O'pomt

R(Q?)
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Isospin relations: 47

dFT—w—I—hadrons
dQ?
2
V. 25 2 2
:2Fe| ud “SEw (_ Q 1429 RT(QZ)
m2 m2 m2

[ 7" da(Qiars.- - an) =

% (Q,LLQV — g,uI/Qz) RT(Qz)
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Isospin relations: 47

w000~ Lres 4 -

R™(— — +0)= _R(+ + —-) + R(+ — 00)
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Isospin relations: 47; exp. situation

ete”™ — 20727~ BaBar, CMD2, SND

ete™ — 2nV7T7w—: BaBar(preliminary), CMD2, SND

v — v3nm-mw : ALEPH

r— — 2w tx%  ALEPH. CLEO
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Isospin relations: 47; exp. situation
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Isospin relations: 47; exp. situation

+-0
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47: exp. situation

» tw(— wrw w") : CLEO, BaBar(prel.)

» p — p(— 7mw)p(— wm): BaBar(prel.)
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The model

T T T
@ P 0 0 0 W I
> > > > > > >
A \\
T T T T Il T
T Il

H.C., J.H. Kiihn (2000)
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The model

T T m
f p p
oo ' p T p T
LT T T
L T
T

H.C., J.H. Kiihn, A. Wapienik (2008)
H.C., A. Grzelinska, J.H. Kiihn, G. Rodrigo(2006)
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The model

1
1 2_> — 1 22— —
+5mﬂ¢‘¢‘|‘§mppu P

£¢:6uﬁ_b>+g(;u><g>

Fuv=0upy,—0uvp,—9gpPu X Pv
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The fit

M 1, 1M

o 1"y T 111 Fp/, Fp//, Fp///

P
4 couplings in a;- part
4 couplings in fp- part
4 couplings in w- part

1 coupling in p- part
X° =275, ngef=287
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The model at low Q2
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The model at low Q?

ete™ — 2707t —
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Comparing with 7 data
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Comparing with 7 data
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Comparing with 7 data

PDGO06
model

BaBar (CVC)

PDGO06
model

BaBar (CVC)
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Br(t— — v2n wtx0)

(4.46% 0.06)%

(4.12 £+ 0.21)%

(3.98 £ 0.30)%

Br(t— — vrrw(n—wTx0))

(1.77+ 0.1)%

(1.60 £ 0.13)%

(1.57 4 0.31)%
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Comparing with 7 data

Br(t— — vrn—370)

PDGO06 (1.04+ 0.08)%
model (1.06 £ 0.09)%
BaBar (CVC) (1.024 0.05)%
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S.Jadach: KKMC

@) RATIOS
A PHOKARA O/KKMC . CEEX2

B KHsem.O3exp/KKMC.CEEX2

ib) RATIOS
A PHOKARA C2/IKKsem.O3exp
KK =sam. D2 Ksem. GEE!FI

01 0.2 0.3 0.4 05 06 0¥ D& 0B A 01 02 0.3 04 05 06 O.F 0.8 0% A

QF [GeV] o [GeV]
PHOKHARA agrees to within 0.3% with KEKMC and KKsem.

C.III
=)

Discrepancy at high 2 reflects lack of exponentiation in PHOKHARA
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FSR

» carefull study of FSR necessary

» tools for these studies were proposed
» and are used
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Summary and plans

» 47 channels reanalysis was performed
» isospin symmetry violation not seen

» new model proposed
and implemented in PHOKHARA
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Summary and plans

» PHOKHARA: ISR accuracy 0.5%

» need for ISR accuracy ~0.2%

» soon J/v and ¥ (2S) in PHOKHARA

» with FFSR corrections included
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