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Why is it interesting?

e 7m meson internal structure

e physics of p, o', p” resonances

e major contribution to hadronic part of the vacuum polarization

(muon anomalous magnetic moment a, = (g —2)/2)

had,1 __ (amu\2 oo R(s)K(s) __ o(ete” —hadrons)
a, T ( 3 ) 4m2 52 ds R(S) — o(etem—putu)

About 91% of the total contribution to azad comes from /s < 1.8 GeV

73% to a"*? comes from two pion final state

7
had contribution to error of

th ED had k i -
' eory __ a/ﬁ? + aua 4+ a:fea contribution to a, qhad
o

aﬁM 11 659 180.9 8.0

af}ED 11 658 470.6 0.3

a,’;ad’l 696.3 7.2

aﬁad@ -10.0 0.6

azadvlbl 8.6 3.5

aﬁe“k 15.4 0.2
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VEPP-2M Collider

Beam Energy 180-700 MeV

LU 3 ey 1974 - 2000

LINAC CMD-2 Detector

B-3M 200 MeV
Synchrobetatron

BEP 900 MeV
e' e~ booster

Detector

Electron-positron convertor

With Lyeqr &~ 3-10°%cm™2sec™? Time between collisions 60 ns

Circumference 18 m Beam current 50 mA
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CMD-2 detector ( 1992-2000)
Cryogenic Magnetic Detector
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1 — beam pipe, 2 — drift chamber, 3 — Z-chamber, 4 — superconductive solenoid, 5 — focusing
solenoid 6 — BGO endcap calorimeter, 7 — Csl barrel calorimeter, 8 — muon system, 9 —

magnet yoke, 10 — quadrupole lenses.
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Momentum distribution for particle separation
is used at /s < 0.6GeV

Momentum scatter plot Negative momentum projection

220}

c

(0]

5
ElSO
Q
O

@

pal
(o2}
o

Positive
|_\
N
o

ai
: : N :
At : VoV I
N i a : r
: - ., N
: ’ ;CO%IC e ;
A N :
Y D : A,

: : D :
Ol | | | I : |
N s L1 L1 L1 L1 [ 1

N | A .
100 120 140 160 180 200 220 120 140 160 180 200 220
. . i icle, MeV,
Negatlve partlcle momentum, MeV/c Momentum of negative charged particle, MeV/c

i
4
[

o Zevents In (Ze,u,w,bg Wtype * Ztype Wtype = 1

June 7-11, 2004 DA®NE2004, Frascati



Collaboration CMD-2 G — N

Energy deposition in Csl calorimeter for particle separation
is used at /s > 0.6GeV

=+>150MeV

* nucteariinteractions': -

Energy of positive particle, MeV

CETH TEIT, tosmic gl 1T

Sl " minimum ionizations = i el ~ S e L .
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Np, _ o-ee—),u,u'(l—i_&#)'eﬂ :
Nl = 0B (1F8.) e fixed from QED

Number of cosmic events from distribution of vertex position
L= - Zevents In (Ze,,u,ﬂ',bg Ntype ' ftype (E+7 E_)) + Ze,u,ﬂ',bg Ntype
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Anomalous Magnetic Moment (a, = (g9, —2)/2 ) results
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a,(Exp) — a,(Theory,ete™) = (27.1 £10.0) - 10719 (2.70)

DEHZ’02 M.Davier, S.Eidelman, A.Hocker, Z.Zhang, hep-ph/0208177,hep-ph/0308213
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Collinear Event selection

. One vertex with two tracks,
Q1+ Q2=0

. Vertex position:
pvtz < 0.15 cm , |Zy| < 10 cm

. Tracks collinearity:

|Ap| < 0.15 , |Af| < 0.25

. Minimum Average Momentum:
(pT +p7)/2 >90 MeV/c at /5 < 0.6 GeV

>200 MeV /c at p-region
And for Charge Kaons Rejection at /s > 1 GeV:
>max(1.3 - Px,325)MeV /c

. Average polar angle:
1< (m+0-—-60")/2<m—-1.1
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Collinear Event selection

Phi resolution Theta resolution
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Formfactor Calculation

N7T7r 0-55 ’ (1 + 566) *Eee T 0-5“ ’ (1 + 5,“!1) “Eup

|| =

Nee + N[,L/L . 07?71' ' (]- + 57r7r)(1 - Alose) *Exm

o” -Born Cross-Section
e - efficiency of reconstruction ~ 99%

Ajose - correction from pion lose ~ 3.5% + 0.6%

~ 0.3% near w-meson
Az, 4r i+ K- - background events ’

~ 1% above ¢-meson

|

Yy —

o A371',471',[("‘[(_

0 - radiation correction

+ -

€ 7~ cosmic | number energy

e ,uﬁL,u_ T
number of events, 10° of points  range,/s

164 16 114 17 | 43 610+ 960 MeV 0> o

96 9 4 5 10 370 + 520 MeV
710 65 520 19 29 600 + 960 MeV
840 81 33 14 36 980 + 1380 Mev

June 7-11, 2004
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Systematic Errors

source value

Vs =0.37+052 0.6=+0.96 1.04 + 1.38 GeV
fiducial volume 0.2 % 0.2 % 0.2+-0.5 %
detection efficiency 0.3 % 0.2 % 0.5 2%
correction for pion loses 0.2 % 0.2 % 0.2 %
radiative corrections 0.3 % 0.4 % 0.5+ 2%
background events <0.1% <0.1% 0.6+-1.6 %
energy calibration of collider 0.3 % 0.1 % 0.7+-1.1 %
full event separation 1.0 % 0.2 % 0.5+3.5 %

1.2 % 0.6 % 1.3 +-5.0%

statistic error in point 6% 15+4% 5+ 13 %
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Pion Formfactor (CMD2 data)

600 < /s < 1000 MeV p,w

M, = 775.65 £ 0.64 £ 0.50 MeV
'y =143.85 £ 1.33 &+ 0.80 MeV
Br(w—nTr™)=1.3040.24 +0.05%
argd = 13.3° £ 3.7° £ 0.2°

Phys.Lett B527:161-172,2002

Phys.Lett B578:285-289,2004

all statistic data at CMD-2

only statistic error

M, = 775.36 £ 0.46 MeV
T, =143.541.2 MeV
Br(w—nT7™)=1.47+0.12%
arg§ = 11.0° + 1.7°

=
1 | 11 1 | | 11 1 | | 11 1 | | 1 1 1 1 | 1 1 1 1 | 11 1 | | 11 1 1 | |

0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95
\ls, GeVv

The Gounaris-Sakurai parametrization (GS)

1+ dBW,(s)
149

Bwp(770)( s) - + Bwp(1450)( )+ BWp(1700)( s)

1+5+7
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Pion Formfactor at /s < 0.6 GeV

Y — T

cmd

15

.dml_.78
TOF_80

olya(low) 79
na007_spec84

x% / ndf 5.088/9
Prob 0.8265

p0 0.9893 + 0.01483

0.36 0.38 0.4 0.42 0.44 0.46 0.48 0.5 0.52

June 7-11, 2004
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Pion Formfactor at /s = 1.02 — 1.38 GeV

olya

dml 78

dm2
adone_bcf75

orsay-aco85
cmd?2
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Pion Formfactor at /s = 0.37 - 3. GeV

v olya(low) 79
olya
cmd
dml 78
dm2
orsay_aco72
adone_bcf75
adone_mea80
orsay-aco85
na007_spec84
cmd?2
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Relative comparison of the 777~ spectral functions

from eTe~ and isospin beaking-corrected 7 data
O3 T T T T T T T T T T T T
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an®d = 696.3 x 107'° (59.72 £ 0.6 ppm) from e*e”

ap®? =1711.0 x 10°'° (60.98 + 0.5 ppm) from 7 to 27 and 4~

a,(ete”) —au(r) = —14.7£7.9

DEHZ’02,hep-ph/0208177,hep-ph /0308213
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Conclusion

Contribution at this energy range of 777~ to a, = (¢ — 2)/2 = (11659208 £ 6) - 107
Aa"*? = (508.20 £ 5.53) - 10~ 1°

7

+

Why spectral function from e™e~ and 7 have different behavior?

(possibly due to difference in masses and widths of p and p° ?)

The further 2--10 times improvement of experimental value of a, need requies the

mprovement of 77w~ cross-section knowledge.
KLOE, BABAR and BELLE results for e"e™ — 777~ () will give additional information.

Experiments with CMD-3 at VEPP-2000
will provide new data in expanded energy range /s=0.36-2. GeV.
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