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1. Introduction

We present results of several studies of electron-posimmmihilations into exclusive final
states using the tagged initial-state radiation (ISR)ri@gke atBABAR, and discuss their impact on
the theoretical prediction for the anomalous magnetic nrdrokthe muong,, — 2. These include
a new measurement of tlekee — KK~ process [1], updated results with our full data sample on
theKTK—mtm andK K~ [2], and it rrt - [3] final states, and a preliminary result on
the it 1 final state. An updated measurement of pifinal state is presented separately.

TheBABAR experiment [4] recorded’ e~ data at center-of-mass (CM) energies near 10.6 GeV.
However, the initiale™ or e sometimes emits an energetic, real photon, dengtgd before
annihilating at a reduced CM energy, and the cross sectiomgoocess such &e~ — JisrK K™
can be related to the"e~ — K™K~ cross section at the reduced energy by a well known radiator
function. Using ISR events, one can therefore measure theceel-energy process over a wide
energy range in a single experiment.

Most ISR photons are emitted at small angles with respettee™ beams and escape detec-
tion, but 10% are emitted within the acceptance of8aBar calorimeter and can be reconstructed.
If such a “tagged” photon is sufficiently energetic, thentlaeronic system is also well contained
in the detector and is boosted toward it, resulting in fu@ar acceptance and good resolution for
energies all the way down to threshold.

2. TheKtK—mtm, KTK—mPm®, mtm ntm and - nPrP final states

We selece™e™ — Jisr4-meson events by requiring at least one reconstructedpleandidate
with energy above 3 GeV in the CM frame, reconstructing the-faeson system fully, and apply-
ing selection criteria to reduce backgrounds and improgelugon. Charged tracks are required
to be reconstructed well within the acceptance of the trackind particle identification systems,
to be identified as pions or kaons in those systems, and na& ideimtified as electrons or muons
in the calorimeters. We construnf candidates from pairs of energy deposits in the calorimeter
and select high-quality candidates with invariant mass tleanominalr® mass. For each final
state, we consider all combinations of appropriately idieat particles and perform a set of kine-
matic fits under various hypotheses. We require)the: 30 for the signal hypothesis, and reject
combinations with a goog? for some background hypotheses.

Backgrounds from other ISR processes with similar topolaggy evaluated from our previ-
ous or concurrent measurements, and most tracking andlpdrtiis)identification efficiencies are
measured from the data. The dominant background at higlgieses from the non-ISR process
ete~ — n®4-mesons, in which an energeti€ is mistaken for gfsr. We evaluate this background
from the data by combining thgsg candidate with other photon candidates in the event and mea-
suring the size of tha® peak. This background generally amounts to a few percentinesshold,
but then grows with increasing energy, eventually limitthg range of the measurement. Other
backgrounds are evaluated from simulation arfdcontrol regions, and found to be small. We
subtract the total estimated backgrounds bin by bin in eash.c

The invariant mass distributions for the selected ever@slaided by the reconstruction ef-
ficiency and effective ISR luminosity to obtain cross sewidor each process as a function of



Hadron production and g, — 2 at BABAR David R. Muller

=) [ g 4 ' ‘ ‘ ‘ 2 | |

5 T ] B ]

E 6 a) ; BaBar b) <= I} {BaBar  ©)

+ I':

‘e % ¢ BaBar ISR E ﬂ = \ 4 Belle

< | ] S 0.6 7
X o7 i } 7

= ? om1 1 ¥ *H

0.4

N
T
P el e
’-'.".
P
-
I
o
[6x]
T
i ———
——
—
——
I
T
——

G no
K a H*H { o M‘ |
\‘ H ++++++++H++++ . } : ‘\“ 0 4
0 J: ! ! \"‘ﬁ-—— |l I ! | +++ ““fﬂ”b‘mo‘ o l‘ | ! *ﬁ%mnm
1 2 3 4 5 2 25 3 3.5 4 15 2 25 3 3.5 4
Ecm. (GeV) Ecm.(GeV) Ecm. (GeV)

Figure 1: The (@K K-t rr, (b)) K*K~m®m® and (c)@ i 1T~ cross sections as a function of energy. Also
shown are all other measurements.

Ecwm, the reduced CM energy. Thee™ — KTK-mfm andete” — KTK~ P cross sec-
tions are shown in Figs. 1a and 1b, respectively. Only siediserrors are shown. The point-
to-point systematic uncertainties are very small, butdlteme overall relative systematic uncer-
tainties of 5% and 7%. OUK ™K~ mr" 7 cross section is far more precise than the only previ-
ous measurement, and ours remains the only measuremerg Kf'to— 7°7° final state. Sig-
nals for theJ/yy and @(2S) are evident, and there are signs of additional structurevegriEcy.
There is also considerable substructure: we measure segaoas sections for the sub-processes
ete” — K*(890)K 1, K;(1430K 11, KTK~p%(770) and (1020 rr75 and we observe contributions
from theK*(890)K*(890), K*(890)K%(1430 andK1(1270K final states.

The @(1020 " i~ cross section is shown in Fig. 1c, along with a recent resaihfBelle.
The peak near threhold corresponds to ¢/{&680, and the second peak to a new particle, the
Y (2175, that we reported previously and has since been confirmed8% &d Belle. It decays
predominantly topfo(980); fitting the cross sections faprr -, @7P1° and theirgfy subsets
simultaneously results in a @3observation of this state and improved measurements ofatsm
and width,my = 2180+ 8(stat) 4 8(syst) MeV/c?, I'y = 77+ 15(stat) 4 15(stat) MeV.

Theete  — m"m m"m cross section is shown in Fig. 2a, along with all previousiltes
including our previous measurement using half the data Eanqur results have shifted slightly,
well within the systematic uncertainty, which is reduce@% in the peak region and by a large
factor near threshold. We are consistent with all previoeasarements, more precise than most,
and have by far the widest coverage, with the only measureafmve 2.2 GeV. The cross section
shows a prominent peak populated mostly by @ngl260 1T submode and a second peak with a
large contribution fromf(1370p°. Other substructure is probably present, but a partial wave
analysis is needed to disentangle all the components.

Theete” — - n°r® cross section is shown in Fig. 2b, and is compared with pusvio
results over their range in Fig. 2c. We are consistent witlpravious measurements within the
systematic uncertainties, more precise than most, and lhavar the widest coverage, with the
only measurement above 2.2 GeV. There is considerably mretwe and substructure than
in the "7 1T 7T cross section. We observe large contributions fromdiT@ and a; (1260 11
submodes, as well as strong signals frofmp~ and fp(980)p°. Again, a partial wave analysis,
preferably coupled to tha" "~ channel, is needed to disentangle all the components.
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Figure 2: The (a)r* " i and (b and ¢yt m °m® cross sections as a function of energy. Also shown
are all previous measurements.

3. TheKtK~ final state

Theete — K™K~ analysis is more complicated and aims for higher precisibwas done
in parallel with our measurement of thg" T~ cross section [5], but some corrections specific to
kaons are needed. We require an energgtic candidate and two oppositely charged tracks both
well within the detector acceptance and identifiedas We include the effects of higher-order
ISR as well as final-state radiation (FSR), by performinggaf kinematic fits: we first assume
an additional undetected ISR photon along the beamline iH&R” fit; then we include each
additional photon candidate in the event in an “FSR” fit (etfrewugh some of these could be ISR),
and consider the one giving the beéSR. We then define signal and background regions in the
two-dimensional space offg, X2x)-

The backgrounds fromsgrr™ T andyisgru™ 4~ events are cross-calibrated in the data, along
with the particle (mis)identification efficiencies, usifgetthree event types and thxe,@q, XESR)
distributions for different hypotheses. The m— background is small except for the reflection of
the p meson, where it reaches 20%. Théu~ background is small at locy, but limits the
range of the measurement at higpy. Backgrounds from other ISR channels and frehe™ —
KK~ n° are evaluated as described above.

Every component of the detection efficiency is studied imifl@nd measured where possible
from the data. This includes cross calibrating a number eflapping triggers, and measuring the
track finding efficiency and its correlations due to inefiintidetector regions and proximity of the
two tracks. Checks and corrections specific to charged kimohsle those for the different rates
of FSR, interactions in the detector material and decaysghtfl

Theete™ —K*K™ cross section is shown in Fig. 3 in several energy rangegelisa promi-
nent peak from thep meson, and substantial structure in the 1.5-2.5 GeV rangmtriGutions
from the J/y and (2S) are observed, measured and removed from these plots. Tieensyx
uncertainty is 0.7% at the peak, and increases gradually to 3.4% at 1.4 GeV and 7% at 3 GeV

Our measurements are consistent with most previous realilieugh the SND data are below
(above) ours foEcuy < (>)1.1 GeV. We span the full range from threshold to 5 GeV, have the
only measurement in the 2.1-3.6 GeV range, and are morespré@n all but the three CLEO
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Figure 3: Theete™ — KTK™ cross section as a function of energy over different ran¢gsnear thep,
1.00-1.04 GeV; (b) from 1.04-1.6 GeV; (c) from 1.6-2.1 Ga¥); gver our full range from threshold to
5 GeV. All previous measurements are shown on (a—c) and tasunements from CLEO are shown on (d).
The band on (d) represents the result of the fit descrbed itegtewhile the line indicates the asymptotic
QCD prediction.

points near 4 GeV.

We perform a fit to theefe~ — K™K~ cross section to extract the resonance parameters.
The fit includes terms for several additional resonanceswknand postulated, in order to assess
their influence on the parameters and to describe the cross section over a wide.ravegobtain
a good description of the data from threshold up to 3 GeV, fiad thep® andw resonances have
small but important effects, and that no additional resoearhave any influence. We measure

m, = 101951+ 0.02(stat) + 0.05(syst) MeV/c? and I, = 4.294 0.04(stat) 4 0.06(stat) MeV,

where the first error is statistical and the second systematiese results are consistent with the
current world averages [6] and competitive with the besvipres results. Useful measurements
for any other resonances will require a coupled channelyanal

We test the asymtotic prediction of QCD by fitting our datavah®.5 Geyc? with the function
f(s) = Aa2(s) /s, whereA andn are free parameters. The fit result is shown as the band oBdig.
and is consistent with all data above 2.5 @&/ as well as with much of the lowerdata. The
fitted value ofn is consistent with the predicted value of 2, but the valué @ a factor of four
higher than the QCD prediction, which is shown as the lineign3d.
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4. Results and conclusions

In summary, we continue our program BABAR of measuring cross sections for as many
exclusive final states as possibleghe™ annihilations at low CM energies. Here we show a new
result on theK *K~ final state, updated results on therr -, KTK— - andKTK 0
final states, and a preliminary result on thierr °7° final state. In each case we measure the
total cross section from threshold to 4.5 or 5 GeV, study amssucture, and extrad{yy and
W(2S) braching fractions. In th& ™K~ " m andK+K~°r® modes, we confirm the existence of
a new state, th¥ (2175, which decays predominantly &pfy(980). In the K™K~ final state we
make competitive measurements of the parameters apth@20 meson, and test the asmptotic
prediction of QCD, which is found to be well below the datahie 2.5-5 GeV range.

Our cross section measurements are consistent with mesbpseesults, cover wider ranges,
and are generally more precise. They can be used to imprevatbulation of the hadronic contri-
bution to the anomalous magnetic moment of the majpe- g, — 2, and shed light on the current
discrepancy 0f28.7+8.0) x 1010 between the experimental and theoretical values. It isawonv
tional to quote contributions integrated from thresholdaf.8 GeV, and for ourr* 7 " m and
K+K~ modes, we calculate

a)? — (13644 0.03(stat) +0.36(syst)) x 10 and
aff = (229340.18(stat) £ 0.22(syst)) x 10 *°.

The former represents a 32% improvement over the currenag@gwhich includes our previous
result), and the latter is the first measurement over thigdnge and a factor of 2.6 more precise
than the current average. Along with tie T~ °® mode, on which we expect to achieve-8%
relative uncertainty, these are the dominant modes in tBeGeV region.

Our measured contributions are consistent with previoesages, so they do not resolve the
discrepancy between theory and experiment, but do excheetmodes as the source. The net
result of our measurements so far has been to bring the tiwdrealue slightly closer to the data
and reduce the uncertainty by about 30%, such that the signdé of the difference is unchanged.
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