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|AHOMaﬂbeII'?I MarHUTHBI MOMEHT MIOOHAQ '
a=(g9—2)/2

J1y1sT TO9e9IHBIX TUPAKOBCKIX YacTHIL ¢ = 2,
3PPEKTHI BBHICIIETO TOPsIIKA MJIN HOBOW (PUBNKU = g F# 2

JTioGoe 3radmMoe oTmmane aSP or al) yKasbiBaer Ha

Hosyio dusuky Bae CrapmaprHoit Momxenn

a,, Oosiee ayscTBUTEebHO K HoBolt Pusuke, 4eM a:
BBIUIDBIIT ~ (1, /me)* ~ 4.3 - 10%.

— oM 4 a/le7 oSM — QED CLEW 4 azad_

I I 0
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|9KcnepI/IMeHTaﬂbeﬁ/’I CTaTyC @ '

a. = 1159652180.73(28) x 10~ 0.24 x 1077

D. Hanneke et al., PRL 100, 120801 (2008)
Tect K9/ nnu onpenesenue o

a, = 116592080(63) x 10~ 0.54 x 107°

G.W. Bennett et al. (E821), PRD 73, 072003 (2006)

YypcrBuresbubiii Tect CrangapTHoit Mojesn

a, = —0.018(17) or —0.052 < a, < 0.013 95%CL

J. Abdallah et al. (DELPHI), EPJ C 35, 159 (2004)
Teopusa: 117721(5) x 1078, SE, M. Passera, MPL A 22, 159 (2007)
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|BKJI&,H K91 aSED l

11614097.3
41321.8

1 nmarpamma

9

1-mreTr.

2-11eTJI.

38.1 > 1000

> 20000

4-11eTJI.

( )
( )
3014.2 (3-nmers.) > 100
( )
4 ( )

D-11€TJI.

o ujennl u3BecTHH aHaguTudecku (S. Laporta, E. Remiddi, 1993),

at anennr — aucaenno (T. Kinoshita et al., 2003-2008),
a® gactuuno (S. Karshenboim, 1993; TK et al., 2005,2007; A.L. Kataev, 2006,
K. Chetyrkin et al., 2008):

o~ =137.035999084(51), a?™P = (116584718.09 +0.14 +0.04) - 10~ .
Heonpegenennoctu: a/ O(a’), b/ «
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EW

DJIEKTPOCIIA0bIN BKIAJ @,

Z

OtHONETJIEBBIE JIEKTPOCIA0ObIE BKJIAJIbI

EW —10
BW 10

5 IpyIn 1972 19.5
A. Czarnecki et al. | 1996 15.24+04
A. Czarnecki et al. | 2002 | 15.44+0.1 +0.2

ABTODHI I'on a

Ommubku: a/ anp. neriw, b/ My, My, 3-nieti. apderTo
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A poHHBIN BKJIA @

had _

ay,

had
14

had,LLO had,HO had,LBL
T ay, +ay,

ay,

had,LO __ (amu\2 (o0 R(s) K(s)
a - ( 3m ) félmgr ds s )

C. Bouchiat, L. Michel, Bouchiat, 1961;

M. Gourdin, E. de Rafael, 1969

R(S) __ o(eTe~—hadrons)

olete”—ptp=)

K(s) pacrer or 0.63 at s = 4m? o 1 upu s — oo,

1/ $? TOTYepKUBAET POJIb HU3KUX SHEPTHIA, €

had,LO _

ay
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te~ - qgto™

700 - 1071 = Hyxkna Tounocts sydme 1%
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had,LO

Bruaspr pasnuaHbIx sHepruii B a,

trom

Caorme 72% of aﬁad’LO orete” —

ceoime 90% ot sumepruii auxe 2 I'sB
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Kak uzmepsror R(s)?

Vs < 2 I'sB — sKkck03uB

+— =0 — N
(mmr =, m e, KK Odr = TTdt = (140150

HeBunumele (Maﬂble o, Obare — Udr|1 — H(S)\Q(l + 5FSR)

He3aper.) KOHEIHBIE COCT.

Briie 2 I'5B — R

(Bce aJpOHHBIE COOBITHSN)

Pas. momp. mau.(ISR),

nmoJisip. Bakyyma (VP),
KoH. ¢oronbl (FSR):
M. Drees, K. Hikasa, 1990

CkannpoBanue nian ISR
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6_|_

CMD-2, ckam.: ~ 9-10° ev.
2E, MeV o, %
370-520 0.7
600-970 0.6-0.8
1040-1380 1.3-4.2

C.Qitnpenpman, bUAD

e~ — nrn (CMD-2, SND u KLOE)

800 [

600 |

200

ol

SND, ckan.: ~ 8- 10° ev.
2E, MeV 0, % KLOE, ISR: ~ 3.1-10° ev.

390-420 3.2 (590-970) MeV - 0.8-0.9%
430-970 1.3
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|CpaBHeHHe KLOE ¢ HoBocubupckom '

0.1 (IFds - IR ARk

by
v KLOE U ettt
* SND 005F | s CMD-2 +

A CM D_2 01F | * SND | Mfm((?evz) |

1 1 1 1
0.3 0.4 0.5 0.6 0.7 0.8 0.9

30
s [0.650,0.958|5B

20

Ipymna  Aaj™ - 1010

10 SND  361.0+5.1
vE o aevd CMD-2  361.5+ 3.4

v

0.3 04 05 06 0.7 08 09 1 KLOE  356.7+3.1

Hospele narnbie KLOE Ha OoJsibllie yribl cOryiacyioTcss ¢ MaJIbIMHU YIJIaMU
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ISR usmepenne e e~ — w71~ ma BaBar — 1
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) 1 = (40+£20+£554+94) 107"
Ty ()
Ha p nuke cuct. ommbka 0.5%!
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ISR msmepenne e e~ — w77~ ma BaBar — 11
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Hemtoxoe cormacue: Boimre 0.8 I'9B BaBar (KLOE) Boimre (Huxke)
B. Aubert et al., arXiv:0908.3589
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lA,HpOHHbIe ceaerans Ha CMD-2 '

L L

Processes
=TT
A : : : :
TCTCTOT? 'y 4; Y"wvy,,va;di
o T
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2¢, MeV

JTo ISR ma BaBar suneprun nmxe 1.4 I'sB
n3ydenbl Ha CMD-2 u SND B HoBocubupcke
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ete” — nraml

Hosrie ISR pe3-Te1 Ha BaBar He Bcerja corii. co crapbIMu JIAHHBIMA

&a

[0}
T

»

Cross section (nb)
D

ﬁ

¢+++

.0’00 mo .,
2 2.5 3
M, (GeV/c?)

Cormacue ¢ SND. BaBar muoro Beimme DM2
Ncrounuk Jlo BaBar Bce + BaBar Bce - DM2 + BaBar

da,,107'% | 2.4540.26 £0.03 | 2.79+£0.19 £ 0.01 3.25 + 0.09 & 0.01
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o(3(1t'm)) (nb)

n
o2 td)) (nb)
o

=
o
T T T T

o — DM2
- MUPI

& — Gamma—-Gamma |
o — MEA

0a,, m3menuscs ot 0.10 £ 0.10 mo 0.108 £ 0.016 u ot 1.42 £ 0.30 mo 0.890 £ 0.093

3ameTHOe yiydiienue!
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|I/I3MepeHI/Ie R npu /s < 10 I'sB l

OLYA, ND, CMD, CMD2, SND
DM2

BES

Cr. Ball

MD1

CLEO

pQCD

| «moeo oo

Xoporrtee corsacue ¢ mKX /!
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had,LO

Pacuer a I

¢ HoBbIMK e e manubiMu (DEHZ-2006)

V5, T5B a/}gad,LO) 10—10 5al]riad,L07 o
o 504.6 +£3.1+1.0 73.0
w 38.0+ 1.0 £0.3 5.5
¢ 35.7+ 0.8 £ 0.2 5.2
0.6 — 1.8 54.2 4+ 1.9 + 0.4 7.8
1.8 —5.0 41.1 4+ 0.6 = 0.0 6.0
J/ ), 7.4+0.44+0.0 1.1
> 5.0 9.9 4+ 0.2 & 0.0 1.4

Beero | 690.9 & 3.9¢xp + 1.9;aq % 0.7qcD 100.0

Beicokast Tounocts e : ommbka af*H 4.4 (0.63%)
o cpasaernuio ¢ 15.3 y EJ, 1995 u 7.2 y DEHZ, 2003!

C.9itnenbman, BIAD p.17/27
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had,HO

A ipoHHBIE BKJI&Jbl BBICIIIEIO HOPJIKA a,

mg

a b

Bee Bkaan gepes [ R(s)G(s)ds/s*3), tne G(s) - rmaaxas b-mus s,

JIOMUHAPYIOT MaJible dHeprun. Ilpungaroe 3nagenne
(B. Krause, 1997; K. Hagiwara et al., 2003):

ah* MO = (9.8 +0.1) - 10710,

C.9itnenbman, BIAD p.18/27
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|CBeT—Ha—CBeTe — 1 '

Pazamurble mOIXOBI:
e B/l m xupaJgbHbIE MOAEIIN
o Jlannsie no vv* — 7%, n,n’ (1 pac. e)
e Orpanmuenusa KX/ Ha MaJIbIX PaCCTOSHUIX

e DddeKTuBHBIE TEOPUU

> > > >

3uak raasaoro PS Bkiamga 6611 HeBepeHn g0 2002!
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ABTOpHBI

I'on

a

had,LBL 1n—10
y , 10

J. Bijnens, E. Pallante, J. Prades 1996 (2002)
M. Hayakawa, T. Kinoshita 1998 (2002)
M. Knecht, A. Nyfteler 2002

K. Melnikov, A. Vainshtein 2003

M. Davier, W. Marciano 2004

J. Bijnens, J. Prades 2006

J. Prades, E. de Rafael, A. Vainshtein 2008
F. Jegerlehner, A. Nyffeler 2009

83 = 32
89.6 &+ 154
80 £ 40
136 = 25
120 &= 35
110 & 40
105 = 26
116 = 39

Omubka Oosabinas u cpaauma ¢ LO BKIa10M

C.Qitnpenpman, bUAD
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|Teop1/1;1 Vs JKcrepumMeHT — | '

Bxaas, a,, 10—10

DKCIEPUMEHT 11659208.0 = 6.3
K91 11658471.8 + 0.016
DJIEKTPOCIIA0BI 154 +0.1+0.2
A ipoHHbIit 693.1 & 5.6
Teopus 11659180.3 £+ 5.6
DKCII.—Te0PHs 27.7 £ 8.4 (3.30)

Paznanita mex 1y 3KciiepuMeHTOM U Teopueii 3.30!

Bo Bcex onenkax > 30
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|Teop1/1;1 vs OKcrepumenT — 11 '

IIII|IIII|IIII|IIIIIIIIIIIIIII;IlIIIIIIIIII

EJ,1995 (e'e-based)

e
210 + 16 -

DEHZ,2003 (e"e-based) rm—p—t
180.9+ 8.0
DEHZ,2003 (t-based) A |
180.9+ 8.0
DEHZ,2006 (e'e-based) , g .
180.3+ 5.6

e —

J,2008 (e'e-based)
181.3+x7.2

—_———

BNL-E821 04 .:
208.0+ 5.8 i

| Ll I Ll Ll I Ll Ll I Ll I Ll Ll I | I Ll :J | | I I Ll Ll | Ll
140 150 160 170 180 190 200 210 220 230

Craryc no namabix KLOE/BaBar, 2006-2007!
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th

, mocrte BaBar

Hosoe cpasuenme a;® n a

HMNT 07 (e*e?)
—-276£51

IN 09 (e'e?)
—-290+£65

Davier et al. 09 (1)
—-148 £52

Davier et al. 09 (e'e")
—-303+51 —e—

This work (e'e” w/ BABAR)
—246 + 49 —e—

BNL-E821 (WA)
0+£63

| | | | | ‘
-600 -500 -400 -300 -200 -100

100

_ a€xp
Q-

HoBriit pacuer aﬁad nocje ww Ha BaBar u nsmenenue a;; ° na +0.9 - 10~

(CODATA uzmenwnna p,/pp) = 3.20
M. Davier et al., arXiv:0908.4300
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IlepcriekTUBEI @

had
u I

Yro B eTe™ cexkTope?

HHanbpuenmuii ISR anann3 na KLOE, BaBar, Belle;
yayuamieane Tounoctu R amxke 4.3 I'sB na CLEO-c¢ u BES-III

IdkcmepumenTsl Ha VEPP-2000 ¢ 2 merekropamu 10 1/s=2 I'3B ¢

Liax = 102 em™2s71, 10°! em 257! yke ecTb Ha ¢

[Tomobuast mamuua (DAPNE-IT) Bo @packarn,,
T — c-dabpuka B Ilekune (BES-IIT) — mabop mammbrx

Yepes 3-4 roga Tounoctb LBL

OyIeT cepbe3HO OrPaHUYINBATHL TOUYHOCTD

C.9itnenbman, BIAD p.24/27
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[ VEPP-2000 '

of the VEPP—-2000 complex

VEPP-2000
RE=0.4-2.0 GeV

convertor

[TpoekTHas cBetumocTh L = 1032 cm™2s7 1, ¢ [ Ldt = 1—2 fb~! 3-5 ner macr

had

|
. B 2 pasal

had
yrounenue Aa " /a

C.9itnenbman, BIAD p.25/27
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[lepcuektusst (g, —2)/2 11

1. HoBbie akcriepuMeHTHI yIydIinaT TOYHOCTh B 2-3 pa3a

+

2. Takas Tounoctb coorB. 0.2% mast o(eTe” — hadrons),

IIPpaKTUY€CKN HEJOCTU2KHUMO JJIA a0COJIIOTHOTO N3MEPEHUA CE€HECHUA

: azad pacder u3 1-bix npuanunos (KX, permerkn).

Mopensr KX/ uncranronos (A. Dorokhov, 2003),
HeiaBHo Ha pereTke: aﬂa’d = (545 £ 65) - 10710 = (667 +20) - 10~ 1Y
(C. Aubin u T. Blum, 2005),

IOIIBITKY OIEHUTH ag)l (M. Hayakawa et al., 2005).

C.9itnenbman, BIAD p.26/27
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l BoiBoabl '

Ycnex BHJI => 3ameTrHBIl Tporpecc 3KCIEpUMEHTa U TEOPUN

K9/1 u 9/C BKIabl U3BECTHBI XOPOIIIO

+ had,LLO

e~ JJaHHBIX = MeHbLIIe 04,

YTO4YHEeHHE €

JlanpHeiiee yTOUHEHNE aﬁad’LO oymer Bozmoxkuo nocae VEPP-2000, DAPNE-II u

(¢ — 7)-dbabpuku + ISR va DAPNE u B-dabpurax

TounocTh OyZIEeT BCKOpE OrpaHmdeHa BKJIAJAOM CBET-Ha-CBETe

Boabmoit o0beM paboThI I TEOPETUKOB

exp SM

a, ” —a, oraundaerca or 0 Ha Gosee yem 3 0 = Ykasanue na Hosyro @usuky?

C.9itnenbman, BIAD p.27/27
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| Back-up Slides '

C.9itnenbman, BIAD p.28/27
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|CVC. ete - X%and 77 - v, X~ '

0.3

T Average
preliminary

o
(V)

©
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T T T T T

(b)

Allowed I¢JF =111
X~ =7a"7Y (4n)",wr™,

_ —_— correctlng for Am(p ) and Al'(p ) "
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Large SU(2) breaking corrections from theory, V.Cirigliano et al., 2002
M(T") 0 # M(I") ,+ helps,
M.Davier, 2003; S.Ghozzi, F.Jegerlehner, 2004
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|C0rrections to the 7 Spectral Functions '

Sew = 1.0233 £ 0.0006 V. C(Cirigliano, G.  Ecker,
Real photons, loops H. Neufeld, 2002

M. Davier, S. Eidelman,
A. Hocker, 7. Zhang, 2002

mﬂ.j: #mﬁo 1.05:”“3

FSR

(phase space, I')) 104 |

1.08 [

1.02 [

m,+ 7 M0

p — w interference

O 2 ST (SR
% " !

1

0.99 |

Multiplicative correction

Radiative decays zzj
(7‘(‘7‘(")/, 7T(77)% l+l_) 096

0.95’:\\\\\\\\\\\\\\\\\\\\\\\\\\\

mu?'émd

and 2 class currents

C.9inenbman, BN AD p.30/27
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lNeW data on 7= — 1 7wV from Belle '

0.3

o
(V)

©
-

(Data- Fit)/Fit

o

©
-

| | | | | | | | | | | | | | | | | | | | | |
0.2 0.4 0.6 0.8 1 1.2
(Myp)? (GeVich?

Bpee = (25.24 +0.01 + 0.39)% Baregpun = (25.49+0.10 +£0.09)%

The contributions to aﬁad are also compatible due to compensation at tails

C.9itnenbman, BIAD p.31/27
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New developments in 7 vs. eTe™ — 1

M. Dayvier et al., arXiv:0906.5443, reconsidered IB corrections to the averaged 27 spectral

functions from ALEPH/OPAL/CLEO /Belle (large-distance rad. corr., M,, I', splitting

o
w

o
w

1 r r r [ rrr ] 1T
¢ CMD203-06 = SND 06

Combined 1 (A-C-O-B)

T I T T T I T T T I T T T
o KLOE 08

Combined 1 (A-C-O-B)

T
—

2 2
|Feel 7IF ™1
N

170
2 2
|Feel 7IF ™1

|

[_
E

i

Il +5(IB corrections) : ' - Il +5(IB corrections)
1 I 1 1 1 I 1 1 1 1 1 1 I 1 1 C 1 I 1 1 1 I 1 1 1

0.4 0.6 . 1 1.2 e . 0.4 0.6
s (GeV?)

TT ||I\I T I T I/III TTT[TTITT

The discrepancy between the 7 and ete™ is smaller but still there.

C.9itnenbman, BIAD p.32/27
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New developments in 7 vs. eTe™ — 11

\\\\‘\\\\‘\\\\\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
T decays ; ° A Belle
25.24+0.01+0.39
——e—— CLEO
25.44+0.12+0.42

ALEPH
e 25.49+0.10+0.09

—e—i DELPHI
25.31+0.20+0.14

L3
24.62+0.35+0.50

OPAL
25.46+£0.17+£0.29

T average
25.42+0.10

CMD2 03
25.07+0.27

CMD2 06
24.98+0.29

SND 06

24.94+0.35

KLOE 08

24.67+0.26

. -

—e—o e'e average

24.8110.259
\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
23.5 24 24.5 25 25.5 26 26.5 27

B - Vi) (%)

B, — Bee = (0.61 +£0.27)% or 2.30 compared to 4.50 before.
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|New developments in 7 vs. ete™ — 111 '

After taking into account BaBar:

0.2 T

I T T T
e'e” Average
Il T Average
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Difference between 7 and eTe™:
2.90 (2006), 2.40 (7 update), 1.50 (+BaBar)
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|NeW Physics and a, '

Supersymmetry (m ~ 200 GeV—-1 TeV)

Cold dark matter and neutralino

Tachyons (m? < 0)

Technicolor

Leptoquarks

New gauge bosons (Z’ etc.)

Large extra dimensions (M > 600 GeV)

Lepton flavor violation (4 — ey, p edm, 7 — puvy,...)
b — s

Composite quarks and leptons

C.9inenbman, BN AD p.35/27



Hyouna, POKO09 1 nexabpga, 2009

N

o(e'e - 21 2m) (nb)
N w
o(e’e - 21 21) (nb)

o
‘L SR -4‘;+¢+++ +"'#4-++H

1 ‘ 1 1 1 1 ‘ 1 1 1 1
600 700 800 900 1000
E... (MeV)

Good agreement with CMD-2/SND.

Error of continuum below 2 GeV improved.
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|Light—by—Light Scattering — II '

A. Pivovarov, 2001: ~ 14.3-10~10

u,d, s with my, heavy quarks with standard masses

J.F. de Trocéniz, F.J. Yndurdin, 2001: (9.2 + 2.0) - 10—10
Constituent quarks + 7Y

A. Dorokhov, 2005: (10.6 4= 1.0) - 10~1Y

Instanton liquid model

J. Erler, G. Toledo Sanchez,2006: < 15.9 - 10~V

Parton model

Is there a way to consistently relate experimental data on

vv* — X% with JX¢ =0=+,0%7F, 17,27+ 2%+ to the corresponding

contributions to agad’LBL?
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|Theory vs Experiment — 11 '

Calculation azxp, 1010 a/zh7 1010

EJ, 1995 11659230 £ 84 11659210 4+ 16

DEHZ, 2003 11659203 £ 8 11659180.9 £ 8.0 22.1+11.3 (1.9)
DEHZ, 2006 | 11659208.0 £ 6.3 | 11659180.3 £ 5.6 27.7 £ 8.4 (3.3)
HMNT, 2008 | 11659208.0 £ 6.3 | 11659180.4 £ 5.1 27.6 £8.1 (3.4)

J, 2008 11659208.0 £6.3 | 11659181.3 = 7.2 26.7+ 9.6 (2.8)

C.9inenbman, BN AD p.38/27



Hyouna, POKO09

|Branchings of 7= — X v, Decay,% '

1 nexabpga, 2009

Hadronic

State X

Experiment,

2002

CVC

Prediction

Bexp — By

W_WO

25.31 £ 0.18

24.76 £ 0.25

0.9 = 0.31

7~ 379

1.08 = 0.10

1.07 £ 0.05

0.01 = 0.11

Y e o

4.19 £ 0.23

3.84 £ 0.17

0.35 = 0.29

wTr

1.94 £ 0.07

1.82 £0.07

0.12 = 0.10

Total

31.99 = 0.31

30.28 £ 0.34

1.31 £ 0.46

With more accurate data some deviations have been observed.
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|C0rrections to the 7 Spectral Functions '

Sew = 1.0233 £ 0.0006 V. C(Cirigliano, G.  Ecker,
Real photons, loops H. Neufeld, 2002

M. Davier, S. Eidelman,
A. Hocker, 7. Zhang, 2002
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Radiative decays zzj
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and 2 class currents
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|CVC in the 27 Channel. eTe™ vs. T '

T Average ] CLEO
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The branching from all groups is systematically higher than the CVC prediction:
B — Bee = (0.94 + 0.32)%!
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|CVC in the 47 Channel. eTe™ vs. T '
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Cross Section (nb)

B(r),% 1.01%0.08 4.54 +0.13
B(CVC),% 1.09+ 0.08 3.63 £ 0.21
AB,% —0.08+0.11 4+0.91 +0.25

C.9itnenbman, BIAD p.42/27



Hyouna, POKO09 1 nexabpga, 2009

|Why are eTe” and 7 Spectral Functions Different? '

Problems with data: underestimated systematics, normalization, rad. corr.

Problems with SU(2) breaking corrections; Is ChPT reliable? The uncertainty
of corrections may be large (K.Maltman, 2005)

Non (V-A) contribution to e/w interactions (M.Chizhov, 2003) inspired by
problems in 7 — e v,y (E.Frlez et al., 2003)

Effect of charged Higgs propagator in 7 decay

m,+ > muo by a few MeV (S.Ghozzi and F.Jegerlehner, 2003, M.Davier,
2003). Current experiments indicate equality within a few MeV.
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