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The KLOE Experiment at the factory DA®NE has performed a precise measurement of the
cross sectiow (ete” — 1" 1 y) using Initial State Radiation (ISR) events, with photonsttd

at small polar angle. Results based on an integrated luitynafs240 pb* are discussed. The
determination of ther" 7t~ contribution toa, in the mass range 85 < M2, < 0.95 Ge\? yields
(387.2 & 0.5¢tat = 3.3sy9) x 10-19, This value is compared with the most recent measurements
from energy scae’™e~ experiments and found to confirm the current discrepanoydsst pre-
dicted and measured value fag. An independent analysis, requiring the ISR photon detiecte
at large polar angle, is sensitive to tlie 71~ threshold and indicates an accurate control of same
final state interfering backgrounds by using the forwardklbard asymmetry.
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1. Introduction

Recent measurements of the muon magnetic anomaly, performed at the 8reoklabora-
tory, reached an accuracy of 0.54 ppm [1]. The main source of taiegrin the value predicted [2]
in the Standard Model is given by the hadronic contribution to the Ioweer,ca*glo. This quantity
is obtained with a dispersion integral of the hadronic cross section measot® In particular, the
pion form factor,|F,|?, defined ViaOr = Oere e 0 S™2B3(S)|Fr(S)|?, accounts for 70% of
the value and for- 60% of the uncertainty cdl}°.

2. Measurement of theete™ — m" 1m () cross section at DA®NE

DA®NE is ane*e™ collider operating at/s ~ M, the ¢ meson mass, which has provided
an integrated luminosity of about 2.5thto the KLOE experiment up to year 2005. In addition,
about 250 pb’ of data have been collected @B~ 1 GeV, in 2006. The KLOE detector consists
of a cylindrical drift chamber [3] with excellent momentum resolutiar (p ~ 0.4% for tracks
with polar angle larger than 4band a lead scintillating fibers calorimeter [4] with good energy
(oe/E ~ 5.7%/+/E [GeV]) and precise timed; ~ 57 ps/+/E [GeV| & 100 ps) resolution. At
DA®NE, we extracto,;; from the differential cross section of the"m— invariant massM,
measured from ISR evengse™ — "y [5]:

donmy
dM%n ISR

S = UHH(M72'm> H (Mrzrrn s) (2.1)
whereH is the radiator function and Final State Radiation (FSR) effects are pydp&en into
account in the analysis. In particular, the cross section for ISR eviigds as 16;‘ such that it
dominates over FSR photon production at small photon afigl®resent results [6] are based on
an integrated luminosity of 240 pb of data taken in 2002, which correspond to about 3 Million
events included in the following fiducial volume for the charged pions andridetected photon:

a) two tracks with opposite sign curvature within the polar angle range<50 < 130;
b) photon direction reconstructed from the trackpgs- —(p. +p-) with 6, < 15°.

The separation of pion and photon selection regions reduces the cortiaminam the resonant
decaygp — mt i 1°, where ther® mimics the missing momentum of the photon, to the 5% level
and suppresses the process™ — 1" 1T yrsrto the 0.3% level. On the other hand, requirements
a) andb) together imply~ 100° for the opening angle between the pions that results in the kine-
matic suppression of events wilh;; < 0.35 Ge\?, in particular thertrt threshold region cannot
be studied. Discrimination afr" 1~y from e*e™y events is done via particle identification based
on the time of flight, on the shape and the energy of the clusters associatedracts. The event
is selected if at least one of the two tracks has not been identified as &orlec

Contamination from the processgs- mt m~ i ande*e™ — u™ u~yis rejected by cuts in the
track mass variable, M, defined under the hypothesis that the final state consists of two charged
particles with equal mass §d and one photon. The residual background is estimated fitting the
Mgk spectrum of the selected data sample with a superposition of Monte Carlodist@hutions
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describing the signal and background sources, with free parametiewg the fractional weights
of signal and backgrounds, computed in bindvf,. Both trigger and tracking efficiencies are
checked with two indepdendent control samples from data. Efficienoiddfx cuts and accep-
tance are evaluated from MC, corrected to reproduce data distributions.

Background subtraction 0.3% i 2

My cuts 0.2% 40} £ vvﬁ : gh%E

Tracking 0.3% | v, s CMD-2

Hardware Trigger 0.1% A

Acceptance oIl 0.2% 301 v "g

Software Trigger 0.1% - vv ’v

Luminosity (Q1¢, & 0.3exp% | 0.3 % 20l 1 ’,v

v/sdependence df 0.2% v .

Experimental systematics | 0.6 % i v"! "

Vacuum Polarization 0.1% 10F » A

FSR resummation 0.3% s M2 (GeVD) e

Radiator functiorH 0.5% \ L \ A .

Theory systematics 0.6 % 03 04 05 06 0.7 0.8 09 1
Table 1. Systematic fractional errors on treg[" Figure 1: Comparison on the pion form factor measured
determination in the mass range3B < M2, < by CMD-2, SND and KLOE (with only statistical errors for
0.95 Ge\2. this latter).

3. Evaluation of |Fr|? and aj". comparison with present e*e” results

The mtry differential cross section is obtained from the observed spectigg, after sub-
tracting the background events,.g, and correcting for the selection efficieneye(M2,,):

dommy  Nobs— Nbkg 1

= 3.1
dMizm AM%TT Sse|(|\/|72m) <z (31)

where the integrated luminosity’, is obtained [7] from the number of Bhabha events divided by
the cross section evaluated with the MC generBadrayaga@LO[8]. Then, 0o is determined
dividing Eq.(3.1) by the radiator functioH, evaluated with the MC codBhokhar a [9, 10],

and corrected for the running of the fine structure constant [11]JuMacPolarization) and for the
difference betweeM,;; and the virtual photon mass, for those events with both an initial and a
final photon. Table 1 shows the different contributions to the systematic efrthe dispersive
integral fora/j" in the mass range [0.35,0.95] G&\Figure 1 shows the comparison [#]? with

the results from the energy scan experiments at Novosibirsk CMD-22f i@ 5SND[13]. For those
experiments, whenever there are several data points falling in.6de3®\? bin, we average the
values. The presemt]" result — denoted as KLOEO8 — is compared with the published measure-
ment [14, 15] — denoted as KLOEO5 — from 140 plof data taken in 2001, and also with SND and
CMD-2. Table 2 shows the good agreement amongst KLOE results, anavilsthe published
CMD-2 and SND values. The KLOEOS8 result has a systematic error 30%esrtiean KLOEOQ5,

and confirms the current disagreement between the Standard Moditiore based oe™ e~ ex-
periments and the measured valuegfas shown in Figure 2. Furthermore, the absolute difference
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a™(MZ, € [0.35,0.95 GeV?) x 100

KLOEOS | 3844 + 0.8stat & 4.6sys
KLOEO8 | 387.2 + 0.5¢tat + 3.3sys
a™(Mny € [630,958 MeV) x 10
CMD-2 | 3615 4 1.7gtat + 2.9sys
SND 3610 + 2.0gar + 4.7sys
KLOEO8 | 3567 + O.4stat + 3.1sys

Table 2: Comparison among];™ values.

DEHZO03 (1 based)
199.7+7.0

DEHZ03 (e*e” based)
185+8.2

DEHZ06 (e*e” based)

179.5¢5.9

HMNTO6 (e'e” based)

178.1+6.1
JEGO6 (e'e based)
180.8+7.2

JEGO8 (inc KLOEOS)
179+6.5

BNL-E821 02 (1)
203+8

BNL-E821 04 (1)
21448.5

BNL-E821 04 ave.
20846

.
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Figure 2: Comparison or, between Standard Model predic-
tions and measurements.

between KLOEO8 and the Novosibirsk results (see Figure 3, left) iafffieontributions from each
M2, bin, confirms the consistency among recefg~ measurements.

4. Outlook: thecase of the rrt i~ threshold region
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Figure 3: Left: difference in the dispersive integral value from each mass tafuated from CMD-2 or SND data
with respect to KLOE; the dark (light) band describes statistical (statisticeystematic) errors. Right: preliminary
data—MC comparison on¢, from data taken af/s= 1 GeV.

Therr" m threshold region becomes accessible when the ISR photon is emitted into the same

solid angle of the pion tracks. Thus, an indepdendent KLOE analysisesmguiring the detection
of at least one photon of energy larger than 20 MeV and with<$@, < 130 in the calorimeter.
This selection is sensitive to larger FSR effects, including interfereiore fine resonant [16, 17]
decaysp — fp(980)y, with fy(980) — " andg — p*mt, with p* — m*y. These processes
are included in Monte Carlo using phenomenological models [18, 19]. Ttasf@gmence pattern
can be tested with the forward—backward asymmetry irmtheirection:

N(9n+ > 900) — N(9n+ < 900)

Ars(MZ,) =

N(Or- > 90°) + N(B+ < 90°)

(4.1)
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The analysis based on photons detected at large angle using data tgkes 4tGeV allows the
study of therrt i1~ threshold region without appreciable background frpalecays.

Figure 3, right, shows a reasonable agreement in the preliminary compbeseeen data and
MC on Agrg, from an integrated luminosity of 230 ph

5. Conclusions

KLOE has measured the" 1~ contribution to the muon anomaly,™, in the interval 0692 <
Mz < 0.975 GeV, with negligible statistical error and a 0.6% experimental systematctainty.
Theoretical uncertainties in the estimate of radiative corrections increassystematic error to
0.9%. This result is consistent with recent measurements from enengyegpariments and to-
gether they confirm the difference betweendheneasurement and the Standard Model prediction.
Present efforts are focused on:

e finalizing theo,;; measurement from data takeng = 1 GeV, using large angle photons;

e measuringF|? directly from the ratio, bin-by-bin, oft" Ty to u* u~y spectra [20].
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