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Muon anomaly =82

* Long established discrepancy (>30) between a*M compared to BNL world av.

SM prediction and BNL E821 exp. . T. Teubner. PHIPSI08

.Theoretical error 6aMSM (~6X10_10) dominated by |IIII|IIII|IIII|IIII TTTTTTTTTITTTTITTITTI III”II
HLO VP (4+5x10-19) and HLbL ([2.5+4]x10-19). DEHZ (03) (e*e7) ——
A twofold improvement on 6aMS'V' from 2001 HMNT (03b g
(thanks to new e*e- measurements)! (030) '
GJ (04) A
Experimental error 6a 5" ~6 x10-1°(E821). A R
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a HLO:

L.O. Hadronic contribution to a, can be estimated by means of a dispersion integral:
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1 / s? makes low

a mu g5 K 2~_:K (s) energy contributions
u . .

especially important:

e'e” =t
R(s) = 0,,(e'e = y*—qq — hadrons) in the range < 1 GeV
o,lee =y —=uu) contributes to 70% !

- K(s) = analytic kernel-function
- above sufficiently high energy value, typically 2...5 GeV, use pQCD

Input:
a) hadronic electron-positron cross section data  (G.dR 69, E.J.95, A.D.H.”97,....)

b) hadronic t- decays, which can be used with the help of the CVC-theorem

and an 1sospin rotation (plus isospin breaking corrections) (A.D.. H.°97)



Dispersion Integral: K()~1s

Contribution of different energy regions to the dispersion
integral and the error to a -0

F. Jegerlehner, Talk at PHIPSIO8
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Very important also
the region 1-2 GeV
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. error’
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Experimental errors on ¢"# translate into theoretical uncertainty of a,"!
- Needs precision measurements!

6a,®P— 1.5 10" =0.2% on a " -°
Newg2exp



a.,(Mz) and EW fit of the SM (M, )

a(M,) = (0) - Ao = A+ Ay + Al
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Requirement from ILC (6x improvement)

Sau(M,)/o(M,)~2x10 — 5x105



Comparison of error profiles for o, (M)

Direct integration of energy points F. Jegerlehner, Nucl. Phys. B

: ) < 9. 181-182 (2008) 135

%1 |Aaj(vY) 2009

= 8o at 1% in the region Vs < 10 GeV
20 - = improvement of ~3 in da(M,)

10 1

0.0 1.0 20 31 9.5 13. GeV

Use of Adler fuhction (It allows to use safely pQCD down to 2.5 GeV)

or

1% in the region 1<vs < 2.5 GeV

— — improvement of ~5 on da(M,)

2m_<vVs < 2 GeV
Extremely important:
| = 80% of dAa®), 4 (using

; | Adler function)
0Q_10 30 31 95 13.GeV = 95% of da
- u




Cross section data:

Two approaches:

Energy scan (CMD2, SND, BES,CLEO):

 energy of colliding beams is changed to the desired value

« “direct” measurement of cross sections

» needs dedicated accelerator/physics program

» needs to measure luminosity and beam energy for every data point

Radiative return (KLOE, BABAR, BELLE,BESIII?):

* runs at fixed-energy machines (meson factories)

« use initial state radiation process to access lower lying energies or
resonances

» data come as by-product of standard physics program

* requires precise theoretical calculation of the radiator function

* luminosity and beam energy enter only once for all energy points

* needs larger integrated luminosity



Data at '95
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Data at '05
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Many improvements (mostly
due to BaBar ISR).

However the region below
2.5 GeV is still poorly known
(OR~5-15%)




Exclusive vs inclusive measurements?
T. Teubner 08

L

T—=
pQCD |

‘l'__lllIIII|IIII|IIII|IIII|IIII|

1) Most recent inclusive

measurements: MEA and B antiB,
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Main contributions to a "'"© and Aa(M,)

Aagaa(M3) 1074]

Channel ap*&L0 10719
w0y 442+008+0.13£0.12
mY 0.64 £0.02+0.01 £0.01
A o —  507.80 £ 1.22 £ 2.50 £ 0.56
atx~x° new meas ——>»  46.00£042+1.03+ 098
Py . > 13.35 £ 0.10 £ 0.43 £ 0.29
xtx 270 18.01 £ 0.14 + 1.17 £ 0.40
ot or " x° (5 excl.) 0.72 + 0.04 + 0.07 + 0.03
7~ 3x° (n excl., from isospin) 0.36 £ 0.02+0.03 £ 0.01
3rt3x~ 0.12+0.01 £0.01 £ 0.00
2t 2r~27°% (5 excl.) 0.70 £ 0.05 + 0.04 £+ 0.09
xtx~ 47" ( excl., from isospin) 0.11 +£0.01£0.11 £0.00
et 1.15 £ 0.06 + 0.08 £ 0.03
nw 0.47 £0.04 £ 0.00 £ 0.05
2=t 2n~ 0.02 £ 0.01 £ 0.00 £ 0.00
nrta~27° (estimated) 0.02 +0.01 + 0.01 £+ 0.00
wr® (w— 7%) 0.89 £0.02 £+ 0.06 £ 0.02
wrtr™,w2n® (w— 7°%9) 0.08 + 0.00 + 0.01 + 0.00
w (non-3w, my,ny) 0.36 £ 0.00 £+ 0.01 £+ 0.00
K"K~ new meas ——>» 2163 £027+0.58+0.36

2K? 12.96 + 0.18 + 0.25 + 0.24
¢ (non-KK 3w, my,m7) 0.05 + 0.00 £+ 0.00 + 0.00
K K= (partly from isospin) 2.30+0.07 +0.12 + 0.08
K K27 (partly from isospin) 1.35+0.09 +£0.38 +£0.03
K K3 (partly from isospin) —0.03 £0.01 £0.02 £+ 0.00
an 0.36 £0.02+0.02+0.01
wKK (w— %) 0.00 £ 0.00 £+ 0.00 £ 0.00

0.36 =0.01 £0.01 =£0.01
0.08 £ 0.00 £+ 0.00 = 0.00

3443 +£0.07£0.17 £ 0.04

458 £0.04 £0.11 =0.09
3.49+0.03 +£0.12+0.08
443+0.03+0.20+0.10
0.22+0.01 £0.02+0.01
0.11 £0.01 +£0.01 = 0.00
0.04 +0.00 +0.00 = 0.00
0.25+0.02+0.02+0.03
0.04 +0.00 +0.04 = 0.00
0.33+0.02+0.02+0.01
0.15+0.01 +£0.00 = 0.02
0.01 £ 0.00 £+ 0.00 = 0.00
0.01 £ 0.00 £+ 0.00 = 0.00
0.18 £ 0.00 +£0.02 = 0.00
0.03 = 0.00 £+ 0.00 = 0.00
0.03 £ 0.00 £+ 0.00 = 0.00
3.13+0.04 £0.08+0.05
1.75 £ 0.02 £ 0.03 £ 0.03
0.01 £ 0.00 £+ 0.00 = 0.00
0.76 £ 0.02 £0.04 = 0.02
0.48+0.03 +0.14 +0.01

—0.01 £0.00 +£0.01 = 0.00

0.13 £0.01 +£0.01 = 0.00
0.00 £ 0.00 £+ 0.00 = 0.00

M. Davier et al. Eur.Phvs.J. C71 (2011) 1515
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Measured cross section for e'e -»n* = (2010)

Cross section [nb]
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Situation of Two-pion channel

Cross section(exp) / Average - 1

Cross section(exp) / Average - 1
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- systematic uncertainties that are

-0.15 = correlated between data points
oo oy ey ey ey
025 0.6 0.7 0.8 0.9 1
\s [GeV]
0.2 T T T L B
0.15 e'e” =a'n
0.1
0.05

|IIII|H—{—L—‘—£§A_—OjLIIII|IIII|III

- IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

-0.05
-0 Average
-0.15¢ + KLOEO8
E s+ KLOE10
0.2~ e s T
0.5 0.6 0.7 0.8 0.9
\s [GeV]

Cross section(exp) / Average - 1

Cross section(exp) / Average - 1

o
(%)

0.15

o
-t

©
N

o
(S

0.15

o
-t

o
N

ee —»nanna } H %
% } Piod Mﬁ%{ﬂm % MH
;ISI - I0.|6I - IO.I7I - I0.|8I - IO.IE;)IIEI[GIeV}

A. Hoecker LP11



New (2013): KLOE o, from zmyupy [,

An alternative way to obtain IF_|? is the bin-by-bin ratio of pion
over muon yields (instead of using absolute normalization with Bhabhas).

2 1 ’
|Fn(5')|2 = 4(1 ! 2/,;13“ /S )/3” ZZMY if;r

uuy

\ J | l S +
v Y "
kinematical factor meas. i
N Z

(S,,mE°™ / sppBorn) quantities
Many radiative corrections drop out:

* radiator function o (et em—nFr-) and oete—ptue)
* int. luminosity from Bhabhas e o, b

* Vacuum polarization 12t

Separation btw nwy and uuy using Mygk :{:: \

* muons: My, < 115 MeV ool

* pions : My, > 130 MeV 0.4}

Very important control of m/u separation in 02

thep}’eglon,/ (O’mr>>0'/w) 01 02 03 04 05 06 07 0F 05 10



obs
dcm(r) = ANObs _ANBkg . ! T 1
dMiu AMj,u Ege) det
dGDATA
—da*';;g’ =0.998 + 0.001, + 0.011,
sy (y)

*The systematic error has
been averaged on M?,

*Good agreement with

do_up(",')/dﬂ"-[ﬁy (nb/GeV2)
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*Consistency check of Radiator function, Luminosity, etc...

G. Venanzoni - EPS Conference 20/07/13



KLOE12 result compared to KLOE10:
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G. Venanzoni - EPS Conference 20/07/13

Fractional difference:

01r ® (IF, I - IF, 0 M
Y —— S
0,05 t
'0’1_. T B T B B gN.l’?’f)z.[(.}e.V.z]
0.3 04 05 0.6 0.7 0.8 09
band: KLOE10 error

Excellent agreement between the
two independent measurements!

Analysis | a7™(0.35 — 0.85 GeV?) x 10

KLOE12 377.4 :t l.lstat, i 2.7sys+theo
KLOE10 | 376.6 = 0.9gtat £ 3.3sys+theo




New measurements at the horizon

Logashenko |. Hadronic cross section measurement at CMD3

VEPP-2000 and the world
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Logashenko |. Hadronic cross section measurement at CMD3

VEPP-2000

TLU
3 MeV
Linac

B-3M
250 MeV
synchro-
petatron

e'.e”
booster

825 MeV

e —>e’
converter
Maximum c.m. energy is 2 GeV, project luminosity is L = 10321/cm?s at /s = 2 GeV
Unique optics, “round beams”, allows to reach higher luminosity
Experiments with two detectors, CMD-3 and SND, started by the end of 2010



Hadronic cross section measurement at CMD3

Detector CMD-3




SND SND for VEPP-2000 NIM A449 (2000) 125-139

b b L 1)
0 20 40 60 80 100 cm

1 — beam pipe, 2 — tracking system, 3 — aerogel cherenkov counter, 4 — NaI(Tl)

crystals, 5 — phototriodes, 6 —iron muon absorber, 7-9 — muon detector, 10 —
focusing solenoids.

09.09.2013 PHIPSI13 - 3 mm



Logashenko |. Hadronic cross section measurement at CMD3

ete”™ - ™ very preliminary results

- 2013 data ot
v .
R R
Sk 5 ; ; i i § § . .
%.05'—(Nlm/.Nee)QED.‘%g ____________ Lo .\
. { % BT ELEE S ,
O g L

..........

1
\s, GeV

by energy deposition
CMD3: By scan measurement e/p/m separation



BES-III and BEPC-II

s SRS, S, OF RO
= Beijing Electron-Positron Collider (BEPC-II)
= Institute for High-Energy Physics (IHEP)

Symmetric e*e- collider

Beam energy: E.=1.0..2.3GeV
CMS energy: Vs = 2.0 ... 4.6 GeV

Energy spread: 5.16- 10

| - Design luminosity:  10*%/cm?/s @ ¥(3770)

Achieved luminosity: 0.65 - 10**/cm?/s

BES-III data taking since 2009




3 -t
BES-III detector systems : "SI,'B =
':' =
Cylindrical drift chamber
* o, /p=05%@1GeV _
Super-conducting magnet

= B=10T

Time of Flight
* op= 90 ps(Barrel)
110 ps (Endcap)

Muon chamber
= 8-9 layers RPC

EM calorimeter (Csl)
« o/NE=2.5% @1 GeV

U

Sven Schumann 5 PHIPSI13 |G
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The international Belle experiment operates at a B-Factory, and

uses a general purpose detector.

The Belle Collaboration

Negoya U Shnshu U
mu. :::""' Nars Woren's U. mmmn'u.
: National Contral W - Sydnay
Charie Y ey Nationt Twwan U, Tota Instituse
Natiosal " Toka U,
Nizon Dental Tohoks U.
Nigata U. otk Gakuin U
Omaka RONP . of Tokye
Tokyo kst of Tach.
Tokyo Metropaiitan U.
Tokyo U. of Agri. and Tech,
Toyuma et College
Toriee
Worgra S U
VPRI
Yonsel U
{as of Aug. 2011)

Belle Detector

SC solenoid Aerogel Cherenkov cnt.

- P ae1.015-1.030
1'51’ ‘_______- ;"?“v“ N <3, 7
CsI(Tl) — i 3500V et
16X, N =, gl
TOF conter— ™ Sot¥ R i
8 GeV € ; el\ﬂ(L Drift Chamber
“Wsnjall cell +He/C,H,

Si vix. det./

“_ p/K, detection
3 lyr. DSSD

. 14/15 Iyr. RPC+Fe



Fixed-energy colliders can measure a wide range of center-of-mass
energies via ISR. Example: e*e” Dy, ;Mg 2 V5o T TN Dy o' Ty
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Low energy (> 3 GeV) cross section measurements are focused
precision measurements.

ete =t

Belle systematic error goal is 5%.

% n
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L £
5 oL ; W"' Preliminary cross section. |
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26
Systematic errors, background leakage, and small radiative correction checks to be completed in near future



Belle cross section measurements are also interested in looking at
intermediate states.
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Systematic: ~5%

Process-ete—> nminnl(22pbl)

Selection criteria :
— 2 central charged particles
—27’s
— Ay, >10°
— total energy dep. (0.3-0.8)E,_..
Kinematic fit:
AR A0, N ey A0
Fit to M, spectrum
(effect + background)
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Oh.q: SOMe recent new data:
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Other important channels



Motivation of ISR study at BaBar

- Low energy e*e” cross section dominates in hadronic contribution to

a, = (g-2)/2 of muon
Direct e*e” data in 1.4 - 2.5 GeV region have very low statistic

New inputs for the hadron spectroscopy at low masses and charmonium region

N TN

ISR at BaBar gives competitive statistic

» BaBar has excellent capability for ISR study

* All major hadronic processes are under study (green == published)
e'e” — 2uy, 2ny, 2Ky, 2py, 2Ay, 22y, AZy, AAY

e'e” — 3my

e‘e” — 2(n*n )y, K'’Kn*ny, K*K nornly, 2(K*K)y

e'e” — 2(m*n ) nlnly, 3(wim)y, KFK2(mwn )y

e‘e” — m'nn’nly, mtn w’nlnly, Tt Tty ...

e‘e” — K*Kn%, K*Kny (KK*, ¢z, ¢y ...)

e*e” — mwran wtn n/my, K*K ntnnd/my

e*e” — KKqmn/ny , KK KK -, KoKgmn—(K*K)

Some reactions are being updated to full BaBar data with ~500fb-"
(talk by V. Druzhinin on e*e™ — 2py)

September, 2013 ISR at BaBar, E.Solodov 2



BaBar measurements summary
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1 oAty
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10“ 1 " . ‘r ‘ v"“"'
2 .
i S i) L AR M"
0.5 1 1.5 2 25
0.5-2% syst. errors 4-15% syst. errors 2E, GOV

To calculate R in the energy range 1-2 GeV the processes
e 3nl, i 4nl, KK, KK ni, KK nnl are under study.
The mtn2a0 is still preliminary. Work is in progress.

September, 2013 ISR at BaBar, E.Solodov



Multihadron channels between 1 and 2.5 GeV

Cross section [nb]

Cross section [nb]
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BABAR measured (almost) all the
exclusive e*e- — hadrons modes

Many inconsistencies resolved

Huge impact on hadronic
vacuum polarisation calculation

A .Hoecker LP 11




ete- — KgK, cross section
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Systematic error ~10% (~30% for 0<0.3 nb),
dominated by background subtraction procedure.



The Cross sections comparlson
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KK tmt vs. KK P vs. KK ot vs. KgKgmtar
Only K*(892)*K*(892) contribution can be compared using iso-spin relations:

E. Solodov,
Phipsi13, Rome,

N(K*K-n~ ) = 548 + 263 eff= 22% (K*(892)°K*(892)°)
9-12 September 2013
N(K*Kn%? ) =1750 £ 60 eff=8%

Iso-spin relations: ArXiv:1010.4180 (Davier)
N(KsK wta ) = 2098 £ 209 eff= 5%

N(K*K % ) = % N(K°K? wttn)
N(KsKgmtn™ ) =742 £ 104 eff=4.5% N(KsK ™ ) = %2 N(KKO sttxr)

N(KsKgmtn ) = N(K K et ) = % N(KPKO wttn)

Should be (after efficiency correction) :
2188+ 76 ~ 2098 +209 ~ 1648 % 232 Some tension (~2 sigma)
30% 63% 50% of all events — how the rest are related?

to g-2 relation?
1



New cross section results
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Logashenko I Hadronic cross section measurement at CMD3

Physics program CMD3

Precision measurement of R = o(e*e™ — hadrons)/ o(ete™ - utu™)
exclusive approach, up to <1% for major modes

Study of hadronic final states:
ete” - 2h,3h,4h,.. h=mK,n

Study of vector mesons and theirs excitations:

p,p’, 0,0, ..
Comparison of cross-sections e*e™ — hadrons (T = 1) with spectral
functions of r-decays
Study of nucleon electromagnetic formfactor at threshold

ete”™ - pp,nn
Measurement of the cross-sections using ISR
Study of higher order QED processes

Overall, we plan to collect 0.5 - 1 1/fb

Similar for SND



Logashenko 1. Hadronic cross section measurement at CMD3
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Statistical errors 1-2% per point, systematics under study
Dynamics: confirm a,(1260)m dominance, pf,(600), pf,(980) are seen



Logashenko 1. Hadronic cross section measurement at CMD3

ete” st ntn ntn” CMD3

First result, published by
CMD-3:

Phys.Lett. B723 (2013)
82-89

8000 events selected 0.8 oo b i Lo

-
(2

—
—

-
n

bo:!llllllllIIIIIIIIIIIlIIIIIIIlIII|

ole’e — 3(x'n), nb

Systematic error is 6%, e
main source is model P R I .
dependence, will be
reduced with more

statistics 9

‘th.;eshold
é'fi p g

Preliminary studies of dynamics:
» Main production mode: p(770) + 4r (phase space or f,(1370))
» Hint of energy dependent dynamics in 1.7-1.9 GeV energy range



Process e'e— o’ — 1'% (30 pb!)
(arX1v:1303.5198[hep-ex])

Selection criteria:
> 5 v; no charged particles;
total energy depos. > E, __ :

W

The most accurate measurement for 2E>1.4GeV

g [0 ——— I+, T, kinematic fits:
5 180 |4 o SND2013 %25, <305 Yromoy™ X %5, <10;
fa 1l M,,~ M,|<100 MeV
8 1.2] " DM2 :
1 SND using CVC hypothesis:
08 Br(t—onv, )= (1.96+0.02+0.10)%
0.8 PDG:

o
FS
TTTTTT

Br(t—onv,) = (1.95+0.08)%
No difference within experimental
accuracy.

e
N

ot 1
E (GeV)
Systematic error: 3.4% Fit:

(2E<1.55 GeV) sum of p(770), p'(1450), p"(1700)

09.09.2013 PHIPSII3 N
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Only statistical errors Systematics <10%

The bump 1s a sum of contributions of
p(770), p'(1450), p"(1700).

Main feature —
many intermediate states:

o‘)no? I, PTT, P+P', pfO

09.09.2013 PHIPSII3
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BES dominates the precision between 2 and 5 GeV

‘BESII @ BEPC, Beijing (inclusive measurement) 2 <E_, <5 GeV
-1998/99 new result of R in 2 <E_ <5 GeV from BESII, 91 points with op/R~7%

(improvement of a factor 2)
2008: 3 points (2.6, 3.07 and 3.65 GeV)
with 3.5% precision

robs T T T

JEF'L'EHE'Ehﬂd'{1+§} '

TABLE II. Contributions to systematic errors: experimen-
tal selection of hadronic events, luminosity determination,
theoretical modeling of hadronic events, trigger efficiency, ra-
diative corrections and total systematic error. All errors are
in percentages (7).

E.m hadron L M.C. trigger radiative total

(GeV) selection modeling correction

2.000 7.07 2.81 2.62 0.5 1.06 8.13
3.000 3.30 2.30 2.66 0.5 1.32 5.02
4.000 2.64 2.43 2.25 0.5 1.82 4.64
4.800 3.58 1.74 3.05 0.5 1.02 5.14

R Value
[

BESII (1998)
BESII (1993)
Gamma2
Markl

pluto

LRt E 5

r O Gamma2

r O Markl

I % Pluto

L ¢ BES (20000
* BES (2002

;MWWM‘! |

- @ BES (this work 2008)

—_—
—— i

2

3
Ecm (GeV)



with the sum of exclusive measurement and previous experiments

R measurement at CLEO

‘CLEO®@ CESR, Ithaca (inclusive measurement) 3.9 <E_ <4.3 GeV

-New result on R (inclusive measurement) in 3.97<E_<4.26 GeV (above
the open charm threshold) with a 3, between 5.2 and 6.1%. In agreement

Energy

(MeV)

R
(ISR-corrected)

3970
3990
4010
4015
4030
4060
4120
4140
4160
4170
4180
4200
4260

3.36 == 0.04 £ 0.05
3.55 = 0.05 £ 0.06
3.88 = 0.04 £+ 0.08
3.95 + 0.08 £+ 0.08
474+ 0.07 £0.12
4.344+0.05 £0.10
4.21 £ 0.06 £0.10
4184+ 0.04 £0.10
4184+ 0.03 £0.10
4.20 £0.01 £0.10
417+ 0.04 £0.10
3.77 = 0.05 = 0.08
3.06 == 0.02 £+ 0.04

D970F0Y=-010

2.9

5.0

4.5

4,0

3.5

} + ﬁl BES L

30 ¥ Crystal Ball
{ B CLEO

T:EEH

2.5

11:1'

'PT‘TL

390 395 400 405 410 415 420
Ecw (GeV)

4,25 4.30



R measurement at CLEO
-CLEO® CESR, Ithaca (inclusive measurement) 6.9 <E..<10..5 GeV

5.5 - 4180507010
-New result on R (inclusive : > OLEG 98
measurement) in “F " A MDY
6.964<E_ <10.538 GeV (7 points) sk I o CysalBal
with a dsys of ~ 2%. In - Wq}
agreement with previous sof THHY ; %%l
experiments (but MARKT) and E% i § 2 1] ot ﬁ, Mg p o g
PQCD (A=O.31 GeV) 3.5 n EIJ $ - 0 5 1%1 Il %ﬁl AT Em‘f'%ﬁ!
R = Nhad(1 — f) x _EII}' é ; 1I:::
Lepga(l+6)a? ’ :
had( ) FE 875 F CLEO 07
370
e(1+9) 1% 365 | 1
o 3.60 ;—
L . 1% ass | ! |
Bckg/Hadr Modeling | 0.7% 350
Dataset variation 0.3% 345 |
TOTAL 1.8% B T T
7.0 7.5 8.0 8.5 9.0 95 100 105




Theoretical predictions compared to the BNL result

=The latest inclusion of all ete- data
gives a discrepancy btw a ™ and
aMEXP of 3 to 40

=Some differences on o, btw
different experiments (mainly
KLOE/BaBar) to be clarified
[Aa FXP-SM =2 4.3.70]

»(Reduced) discrepancy btw ee and
t data ( new l. corr.,ee,t data). JS11
claims to have solved it

=\Very important the new g-2
experiments (at FNAL and JPARC)!

G. Venanzoni - EPS Conference 20/07/13
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Two-pion e*e” vs T spectral functions
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Missing isospin corrections and/or problems with data? Additional
data are needed. Meanwhile...



Jegerlehner and Szafron claim that the e*e vs t is solved if

an additional correction (p—y loop mix.) is included

F. Jegerlehner and R. Szafron, Eur. Phys. J. C71 (2011) 1632
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S ﬁ{ I r 4
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o) (e
:_?, 0.904 '_?: T di
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.2 . ':; T average 25.42 +0.10
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|F(E)I? in units of e*e~ 1=1 (CMD-2 GS fit): a) T data uncorrected for p — 9 ete” average 2478 40.28
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data [left] and e*¢~ radiative return data [right] BABAR 09 = A £028
PDG average n 25.51 +0.09

B(r = mi'y,) 24 25 26 27 %

@y Ole, ] = 690.96(1.06)(4.63) X 10710 (e +7)  yg 11
hadLlOfa+a-1 _ - -10
a™'%e*e ] = (692.3 4.2, ) x10 DHMZ 11

a:ad’LO[T] =(701.5£3.5_=1.9 +24 ) x 10°1

SU(2) ee+QCD




Jegerlehner and Szafron claim that the e*e vs t is solved if

an additional correction (p—y loop mix.) is included

F. Jegerlehner and R. Szafron, Eur. Phys. J. C71 (2011) 1632
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PDG average 25.51 +0.09
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An Update of the HLS Estimate of the Muon g — 2

M. Benayoun®, P. David®, L. DelBuono?, F. Jegerlehner”®

Using the KLOE10 and the scan data samples leads to the most probable value for the muon

EPJ C73 (2013) 2453

anomalous moment :

ath = (11 659 169.55 + [tg,;ggh +5.21,,) 10710,

which exhibits a significance for Aa, = a7 — a.:"h at a (4.7 = 4.9)0 level, significantly larger
than the results fully derived by direct numerical integration of the experimental cross sections.

Pion form factor prediction based
on Tt data and PDG information

in excellent agreement with
KLOE but not with BaBar

However, the picture becomes quite different in the medium energy regton (0.70 -+ 0.85)
GeV as illustrated by Figure 5. In this regton, our 7+PDG prediction follows almost perfectly

expectations‘21 from both KLOEOS and KLOE10 data and the detasled lineshape at the w — p
interference regton 1s strikingly reproduced. Paradoxically, the NSK data are slightly less fa-

In contrast, the behavior of the BaBar data looks 1nconsstent with the 7+PDG prediction,
espectally on the low mass side of the mterference regton. Actually, the observed overestimate
of the BaBar spectrum affects the whole regton from threshold to the w mass but 1s more 1m-
portant 1n the range (0.74--0.78) GeV. At hugher energtes one observes a reasonable agreement
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BHLS : A Global VMD Model

« The (Broken) Hidden Local Symmetry (BHLS)
model :

> is a unified VMD framework encompassing

ee Hnn/KKbar/ny/ny/nnn & tonnv&

PVy, PW decays & (/" 2 ynnlyy) & ......
» BHLS :: (almost) an empty shell :
[aem, Gy trs Vuas Vuso My'S, mg’s, m,y , M|

» Present Limits :
v Up to the = ¢ mass region (= 1.05 GeV)
v" No scalars mesons, no p’, no p°’ ......

56
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g-2 HLS Estimates & Others

BaBar (< 1.00 GeV)
BaBar (< 1.05 GeV)

32.234+5.17] [4.0 o] [x?/Nger 1.27]

34.60 £5.01] [4.3 0] [x?/Nyr 1.24]
scan 7 Data
[36.88 £ 5.28] [4.5 o] [)(2/N7r7T 1.01]

[39.55 £ 5.68] [4.7 0] [x?/Ny 0.97]

m—— e — — — — e ——— 1-:- ————— 7 Data + [p+w + ¢] (PDG) -
7(A+B+C) —e— [38.10 + 6.80] [4.1 o]
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NSK (CMD2+SND) [36.88 £5.28] [4.5 0] [x?/N,. 1.01]
[42.31 £5.87] [4.9 6] [x%/Npr 1.61]
KLOE 10 [43.02+5.79] [5.0 6] [x%/Nyr 0.98]
KLOE 12 [43.93 £5.41] [5.3 0] [x?/Nyr 1.06]
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Data combination in the 't channel

Radiative Return data in the combined fit of HLMNT 11

| . . . ; . . . T. Teubner,
0.08 - Iy — PHIPSI13, Rome,
006 | New Fit <':;<;ag,§(g;g — 9-12 September 2013
KLOE (10) ———

0.04

0.02 P

0 0
(ORadRet Sets - O%it)/ORit

-0.02

-0.04

_0.06 l:: --l | | L | | | |

2m fit: overall
X2 i/dof ~ 1.5

Note: a ™" B oy L0 a,"" withRadRet = 504.,2 + 3.0

=» i.e. a shift of +5.5



Data combination in the 't channel

* Benayoun et al: -3.1 from HLS-based fit, -4.3 from KLOE10+12
* HLMNT: +5.5 from KLOE and BaBar (compared to scan only)

* Sothe extreme difference (~¥13x10-1°) comes mostly from the
data input, i.e. if BaBar’s 2m is used or not.
(If used: error relatively poor and inflated in addition.)

T. Teubner, RMCWG meeting,

L [ ?
How to solve this puzzle: Frascati, 13 September 2013

* Future SND, CMD-3, BELLE and BESIII 2t data may dilute the

strong significance of BaBar.
Would be better to find out why the diffferent data sets are not

consistent. If this can be achieved the 2it channel would be great!

=> possible task for our WG: MC checks, comparison of analyses



A rough estimate for g-2: now

2,0 - amosh = (27.7x8.4)10°
8.4 = ~O 0@~ 3L P6pNL

(3.30)
I IIIII I Illllllllllllllll]llllll I
330
JNOO &
179:6.5
SMXX -
17935

I

BNL-E821 04 ave.

-
208+6.3 E821
New (g-2) exp.
208+1.6
lIIlllllIIlIIllIIlllIlIIllIIllIIlI:IIlIllllIl
140 150 160 170 180 190 200 210 220  23(

a-11 659 000 (107

da Hl0=5.3=3.3(Vs<1GeV) ®3.9(1< Vs<2GeV) ®1.2(Vs>2GeV)



A rough estimate for g-2: ...and (possible) future

a e - 4;_,W.4)10-10 (3.30)

8.4= ~5HLO@~3HLbL@GBNL T[T I T T[T T T T[T I T [ TT T T[T I T[T T T T[T T i T [TT17T]

| | -

179:6.5
4 3 3 1.6 New 62 SMXX u 1-8 0O

179:3.5 ( )

BNL-E821 04 ave. -

a, P - a theosM = (XXX 3.8)10-10 208:6.3

o g2 b E989
If central value is the same =2 7-80

v b bvva b b o Ly @ b saa Lo ana
140 150 160 170 180 190 200 210 220 23(

(if no progress on theory =2 5 0) a 11 659 000 (10
da O —2.6=1.9 (Vs<1GeV) @ 1.3 (1<vs<2GeV) ®1.2(Vs>2GeV)
This 1s possible 1f:




80 Ap ~ 0.4% Vs<1GeV (instead of 0.7% as now)

804 ~ 2% 1<Vs<2GeV (instead of 6% as now)

(Possible with direct scan or ISR at Flavour
factories, or new machines like IRIDE)

See M. Ferrario’s talk

———>  8a 119 =2.6 10" (instead of ~5 as now)

A similar improvement on oa.,(Mz) using Adler function method



Impact of DAFNE-2 on exclusive channels in

00,5k Caok (%)

86,,/C,. (%)

3G,/ (%)

the range [1-2.5] GeV with a scan (Statistics only)
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DAFNE-2 is statistically equivalent to 5+10 ab-! (Super)B-factory




Conclusion

Significant improvement a "9 in the last 15 years due to more
precise data. Interplay with theorists for the control of RC and
development of MC

ISR opened a new way to precisely measure the hadronic cross
sections

Still some (local) differences between data which current limit
precision on a9

New data are expected from DAFNE, VEPP2000, BESIII and
(Super)B factories which will continue to improve the region below
5 GeV with ISR. Hopefully new machines (IRIDE, Super t/c
factory)

These data would allow to reduce of a factor ~2 the uncertainty on
a, "0 to match the request from the next g-2 experiments (at FNAL
and J-PARC). A similar improvement 1s expected on o, (Mz).



BNL ring arrived at FNAL for the new g-2 experiment

—

»




“Well, QED is very nice and impressive, but when everything is so neatly
wrapped up in blue bows, with all experiments in exact agreement with
each other and with the theory - that is when one is learning absolutely
nothing.”

“On the other hand, when experiments are in hopeless conflict - or when
the observations do not make sense according to conventional ideas, or

when none of the new models seems to work, in short when the situation

1s an unholy mess - that is when one is really making hidden progress
and a breakthrough is just around the corner!” [143

R. Feynman, 1973 Hawaii Summer Institute

Thanks!




SPARE



Conclusions

1/ HLS model succeeds — (other global approaches)

2/ NO signal for (e'e” vs T) puzzle

3/ Consistent &~ 7w~ data sets : CVID2. SND, KLOE 10 & 12

+0.0

) + 5‘12th + 6.30 ex

] mod

6/ Additional Breaking schemes may reduce systematlcs

M. Benayoun, PHIPSI13, Rome, 9-12 September 2013



Benayoun et al

HVP Results with scan & t data
* (Updated) Central value shifted by =3 10-1°

Channel Solution B Direct Estimate
L 498.53 £ 3.73
(497.72 2.12)

nly 461+ 0.04 3.35+%

ny 0.64 + 0.01

n'y 0.01+ 0.00 Diff=3.1 units
nt on® 41.16 * 0.59 43.24 +1.47

K, K 11.90+ 0.08 12.31 +£0.33
K*K- 17.59+ 0.21 17.88 £+ 0.54
Total up to 571.30% 2.02 575.79 £ 4.06

1.05 GeV



Data comb. in the ittt channel:

WV another shift by -4.3




—M.Benayoun er al. EPJC72—
M Benayouner il S EPFCT3-

g-2 & Global Model$/Fits”

* NP Hadromc VP contributions to g-2

« Effective Lagrangians imply physics
correlations amﬁg‘g-thef[i

« -> HLS cross-sections derived through a global
fit (param. values & error covariance

e xsction J——r
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KLOE’s almost perfect!
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BaBar too large below ®
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Radiative corrections are important!

2
Unclear treatment of R.C. in old Gbare - O'dressed 1- H(S)‘ (1 + CFSR)

data. ® J — -
dressed = TTdt e (1+015R)

Reevaluation of RC leads to
significant changes in recent data @ H(S) = Hlep (S) + Hha,d(S)
New data (CMD-2,SND, KLOE,

Babar) paid more attention to : |
« ISR 0.040

: ; o S
7 [ A
Vacuum Polarization (VP) ... N
« FSR y
S 0.00 ———E——————I; ———————————————————
A lot of work for theorists to | :5
0,020 ! - =
provide accurate MC generators ! o

o
.
far
=
=
]
—
|
|
—

(and for experimentalists to test

it!) 0.0 20 &0 &0 8D 100
E MV
Figure from Fred Jegerlehner



A common effort for RC and Monte Carlo tools

Eur. Phys. J. C (2010) 66: 585686 THE EUROPEAN
DOT 10.1140/epjc/s10052-010-1251-4
PHYSICAL JOURNAL C

Review

Quest for precision in hadronic cross sections at low energy:
Monte Carlo tools vs. experimental data

Working Group on Radiative Corrections and Monte Carlo Generators for Low Energies

S. Actis?®, A. Arbuzov’<, G. Balossini*Z*?, P. Beltrame'?, C. Bignaumininjﬁ'+ R. Bonciani'®, C.M. Carloni Calame™,

V. Cllerepallov25'36, M. Czakon' . H. Czy'zlg’a*f’i* A. Denigzz* S. Eidelmanﬂ%’g, G.V. Fedotm-‘ichzizﬁf‘ﬂ A. Fermgliaﬂ,

J. Gluza'?, A. Grzelifiska®, M. Gunia'’, A. Hafner??, F. Ig]latovzs, S. Jadach®, F. Jegerle]mer-j’flg’d'], A. Kalinowski??,
W. K]uge”, A. Korchin?’, J.H. Kiihn 13’ E.A. Kuraevg, P. Lukinjﬁ, P. Mastrolia'4, G. I\-lﬂntagnaﬂ'“’b*d,

S.E. Miiller?%!, F. Nguyen34'd, 0. Nicrosini*®, D. Nomura®®?, G. Pakhlova®*, G. Pancheri'!, M. Passera®®, A. Penin'?,
F. Piccinini*®, W. Placzek’, T. Przedzinski®, E. Remiddi*-, T. Riemann*!, G. Rodrigo’’, P. Roig?’,

0. Shekhovtsova!l, C.P. Shen'®, A.L. Sibidanov®’, T. Teubner2!:", L. Trentadue®’-*!, G. Venanzoni!'*, J.J. van

der Bij'?, P. Wang?, B.F.L. Ward®, Z. Was®2, M. Worek**'?, C.Z. Yuan?

~60 participants, 13 countries

See www.Inf.infn.it/wg/sighad for more information
(next meeting 11-12 April 2013, ECT*)



“Old” Results on R from energy scan at vVs<10 GeV

Place Ring Detector E . (Gel) pts | Year
Novosibirsk VEPP-2M CMD2,SND <1.4 128 01-03
VEPP-2 Olya,ND,CMD <1.4 79-85 97-99
Beijing BEPC BESII 2-5 85 98-99
Orsay DCI M3N,DMI,DM?2 1.35-2.13 33 78
Frascati Adone vW2,MEA, 1.42-3.09 31 78
Boson,BCF
SLAC Spear Markl 2.8-7.8 78 ’82
Cornell CESR CLEO 3-5 "05
Hamburg Doris DASP 3.1-5.2 64 79
PLUTO 3.6-4.8,9.46 27 “77
C.Ball 5.0-7.4 11 ‘90
LENA 7.4-9.4 95 ’82
Novosibirsk VEPP-4 MD-1 7.23-10.34 30 ‘91




