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The outline of the talk

The radiative return

47t revisited

» experimental situation: 7 vs. ete™ data

» new model predictions
Narrow resonances - FSR

NLO vs. structure functions, or

how a theorist can know what the experimentalists do

Conclusions
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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/
— IaﬂA

H. Czyz, IF, Ué, Katowice, Forthcoming PHOKHARA upgrades and ... 4




Isospin relations: 47

(nt T m)m|J310) = Ju(p1, p2,p T, p7)
— _—1 73
<7Ti|_71';_71'1 Ty |J,10) =
Ju(py ,p3,P1sp7) +Ju(py,p3 P53, D7)

+Ju(p;_9p1_9pi|_9p2_) ——J'u(pii_,pl_, pél_apz_)

—_0_0_0| 7—
(mmymoms|J,, |0) =

Ju(p29p39p_ap1) + J,Lb(plv p39p_9p2) + J,Lb(plv p29p_9p3)

(ry o | |0) =
Ju(p—l_apZaplva) +Ju(p+aplap27p0)
J. H. Kiihn §1999) FraviA
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Isospin relations: 47

/ Jﬁm(Jsm)* dci)n(Qa dils-- - qn)

— 6i7'r (Q,LLQV - Q,LLI/QQ) R(Qz)

o(leTe — hadrons)(Qz)/O'pomt

R(Q%)

FlaviA
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Isospin relations: 47

dFT—w—I—hadrons
dQ?
2
V. ZS 2 2
:2Fe| ud“Sgw (- Q7 1+2Q_ RT(Qz)
m2 m2 m2

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

Siﬂ_ (Q,U,QI/ — g,u,I/QZ) RT(Qz)
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Isospin relations: 47

w000~ Lres 4 -

RT(— = +0) = _R(+ + ——) + R(+ — 00)

FlaviA
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Isospin relations: 47; exp. situation

ete”™ — 20727~ BaBar, CMD2, SND

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

+— — v3797r—: ALEPH

r— — 2w tx%  ALEPH. CLEO

FlaviA
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Isospin relations: 47; exp. situation

™ — 1 31,

-2 ! ! | | - - -
v ! ! ! '
02 ALEPH & SRS S— -
1 1 1 A 1
‘ ‘ : + A i
BaBar (+Isospin ) ----y---- A
0.15 |- 1 1 e R S A =
0.1
0.05
0




Isospin relations: 47; exp. situation

+.0

T- = 2n Ty,
0.8 I | | I J
v : :
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47: exp. situation

» tw(— mwrw w") : CLEO, BaBar(prel.)

» p — p(— mmw)p(— wm): BaBar(prel.)

FlaviA
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The model

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

— Iav_iA
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The model

T T
/ : p
oo T T p
T T T il
f T
T

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

— Iav_iA
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Comparing with 7 data

PDGO06
model

BaBar (CVCQ)

PDGO06
model

BaBar (CVCQC)

H. Czyz, IF, US/, Katowice,

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 + 0.31)%

FlaviA
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Comparing with 7 data

Br(t— — vrn—370)

PDGO06 (1.04+ 0.08)%
model (1.06 £ 0.09)%
BaBar (CVC) (1.02+ 0.05)%

FlaviA
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Narrow Resonances

ete™ — J/p (¥(28))y = 7w, utpu™, KK + ~v(7)

$(25) —  My(ag) = 3686.093 MeV, Ty ng) = 337 keV

hadron hadron

— Iav_iA
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Pion form factor
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H. C., A. Grzelinska, E. Nowak-Kubat and J.H. Kiihn, in preparation
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Kaon form factor
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Energy resolution

Aq = 14.5 MeV

ete” — J/¢Yv — = ~v(y)
Ol r—r—7—— 7 T T T

V5 = 10.52GeV

oor | T :
AV
ooorf

0.0001 |

le — 05 |

le — 06 a a a a a a a a a
3 3.02 3.04 3.06 3.08 3.1 3.12 3.14 3.16 3.18 3.2

FlaviA

H. Czyz, IF, US/, Katowice, Forthcoming PHOKHARA upgrades and ...



FSR - muons

ete” — J/Wv — ()
0.12 .
‘ ‘ ‘ . IFSNLO ———
 ISRNLQO weereees
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o(IFSNLO) = ( 6.8527 + 0.0006 ) pb
o(ISRNLO) = ( 6.79862 & 0.00008 ) pb

H. Czyz, IF, US, Katowice,
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FSR - muons

ete” — J/vy — pTpuTy(y)
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a,, BaBar preliminary

* BaBar analysis of nn and pu ISR processes completed

" Precision goal has been achieved: 0.6% in p region (0.6-0.9 GeV)
" Absolute pp cross section agrees with NLO QED within 1.2%

" Preliminary results available for nr in the range 0.5-3 GeV

» Structures observed in pion form factor at large masses

" Comparison with results from earlier experiments
discrepancy with CMD-2 and SND mostly below p
large disagreement with KLOE
better agreement with t results, especially Belle
= Contribution to a, from BaBar agrees better with t results

" Deviation between BNL measurement and theory prediction
significantly reduced using BaBar nr data
a,lexp]-a,[SM]=(27.5 £ 8.4)x 101 = (14.0+8.4)x 1010

" Wait for final results and contributions of multi-hadronic modes

M.Davier BaBar pi pi Tau08 22-25/9/2008 31
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a,, BaBar preliminary

The Measurement

* ISR photon at large angle in EMC

* 1/ (for efficiency) or 2 (for physics) tracks of good quality

* identification of the charged particles

* separate mn/KK/uu event samples

* Kinematic fit (not using ISR photon energy) including 1 additional photon
* obtain all efficiencies (trigger, filter, tracking, ID, fit) from same data

" measure ratio of nwy(y) to puy(y) cross sections to cancel

ee luminosity
additional ISR
vacuum polarization
ISR photon efficiency
® still need to correct for |FSR|? contribution in puy(y) and additional FSR,
both calculated in QED, but also checked in data

(ISR-FSR interference, additional detected photons)

o}herwise 3-4% syst error

R _ olmy(y)ls) __ o’mu(y)l(s)  _ R(s)
o' = STy (V5] (17 6%,)07 (1400
MUy (Y (1+0psg)o [HU(Y)](S)  (1+0sp) (1+6544rsp)
M.Davier BaBar pi pi Tau08 22-25/9/2008 6
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a,, BaBar preliminary

v? cut Efficiency Correction

1 S —

# oo %W?

EpaTa’EMC

" depends on simulation
of ISR (FSR), resolution

effects (mostly ISR vy % - +Mm | % % %
direction) for ypand nxr | ! w h %PWM %

2o . T KLYy *M ++ ]
x> cut efficiency can be l _
well measured in pp data%"'-"ln b 0.97(;' b 45
because of low backgrouncf M,,,(GeV/c?) M, (GeV/c?)

" main correction from lack of angular distribution for
additional ISR in AfkQed
" common correction: 1% for loose y?, 7% for tight y?

» additional loss for nw because of interactions 1.00+£0.16 loose y?
studied with sample of interacting events 1.07 £0.11 tight y?
agreement data/MC syst error 0.5-1.5x 103
M.Davier BaBar pi pi Tau08 22-25/9/2008 19
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AfkQED

Working Horse: Generator AfkQED

Muons Hadrons (2% - 67)

Yisr

e ot Yisr

e Sl Ty - Sl
* Theory: Born section formula accordimgory: Born ISR description according
to Arbusov et.al. (hep-ph/9702262) to Czyz, Kuhn (EPJC18 (2001), 497), Basis
* ISR FSR and ISR-FSR-interferencet VA-Generator developed for 27, 4n channJil

* |Extra photon radiation with strucfut&? LO-FSR, considered negligible at PEP-
function technique a la Caffo, Czyz, NLO-FSR (1y,z + 1Yszsz) by means of PHOTPS

Remiddi (Nuo. Cim. 110A (1997) 31 33y¢r4 1SR photon radiation with structure
PLB327, 369) function technique a la Caffo, Czyz, Remiddi
* Leptonic and hadronic vacuum (Nuo. Cim. 110A (1997) 515, PLB327, 369)

,_
[

polarization * Modular structure of EVA-gen. allows easily to
incorporate new exclusive hadronic channels
Achim Denig Generator Issues for ISR-

P}}vsics at BABAR —
H. Czyz, IF, US, Katowice, "net=" % Forthcoming PHOKHARA upgrades and ... 26




Some remarks on using of the SF

G. Rodrigo, H. C., J. H. Kuhn and M. Szopa,
Eur.Phys.J.C24:71-82,2002.

Vs =1.02GeV 4 GeV 10.6 GeV

EIM™ (GeV) 0.01 0.1 1

0~ (degrees) 5, 21] [10,170] [25,155]

0 (degrees) [55,125]  [20,160] [30,150]
M2, (GeV?) 0.9 12 90

Ty

FlaviA
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Some remarks on using of the SF

G. Rodrigo, H. C., J. H. Kuhn and M. Szopa,
Eur.Phys.J.C24:71-82,2002.

vs =102 GeV 4 GeV 10.6 GeV

Born 2.1361 (4 0.12979 éS; 0.011350 ES
SF 2.0192 (4 0.12439 (5) 0.010526 (3
NLO (1 2.0332 (5 0.12526 (5) 0.010565 E4§
NLO (2 2.4126 (7 0.14891 (9) 0.012158 (9

H. Czyz, IF, US;, Katowice,
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[/ e ratio

H. C., A. Grzelinska, J. H. Kuhn and G. Rodrigo
Eur.Phys.J.C39:411-420,2005.

2
2fmlu

dor
4(1 + W)B“d%czz

Br | Fr(Q2)| 221

R(Q?) =

/ FlaviA
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[/ pp ratioo FSRNLO
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[/ pp ratioo FSRNLO
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Summary and plans

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

» new model proposed
and implemented in PHOKHARA

FlaviA
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Summary and plans

» soon J/v and ¥(2S5) in PHOKHARA

» with FSR corrections included

» PHOKHARA: ISR accuracy 0.5%

» need for ISR accuracy ~0.2%

FlaviA
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