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The cross-sections for e*e~ annihilation into hadrons at centre-of-mass energies
W<1 GeV are explained adequately by the vector dominance model (VDM) via the
production and decay of p, & and ¢ mesons (*). The extension of these measurements
to higher energies probes higher resonant states and makes further tests of theoretical
models possible. In this lettier, new results are reported on pion and kaon pair produec-
tion in e*e~ annihilations in the nergy range W = 4/§ = (1.45=1.52) GeV.

(*) Present address: Physiecs Department Stanford University, Stanford, California (U.S.A.).

(**) Supported in part by the U.S. Department of Energy.

() 8ee for example B, H. Wik and G. WOLF: Springer Traclts in Modern Physics, Vol. 86
(Berlin).
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Measurements of the total cross-section for the reactions

(1) ete~ — K+K-,

(2) ete~ —» min—,

in the c.m. energy interval W = (1.45-+-1.52) GeV were made at Adone, the Frascati
colliding-beam machine with the MEA magnetic detector. The integrated luminosity,
& for these measurements was 30.7 nb—2.

The MEA apparatus, described elsewhere (2), consists of a solenoid (radius 1 m,
magnetic field 2 kG) with the axis perpendicular to the ete- beam direction. Cylindri-
cally-shaped wide-gap spark chambers with thin electrodes (0.15 radiation lengths)
were used for momentum measurement and a system of seintillation counters was used
for triggering and time-of-flight measurements (distance 1 m, ¢ = 0.7 ns). Outside
of the coils a set of heavy-plate narrow-gap spark chambers (ESC) interleaved with
lead and iron plates (8 radiation lengths, 0.8 collision lengths) were utilized for particle
identification.

The initial selection of collinear events was done in a visual scan in which a rough
collinearity limit of ~10° was used. Bhabha scatterings (e*e~ — e*e~) were identified
by requiring an associated e.m. shower in the ESC for at least one track.

Muon and hadron pair candidates (ete~ — pu+u—, hth™) were selected by requiring
tracks to originate from the interaction region and to have an event timing relative to
the ete~ bunch collision time within 2.5 ns. A loose limit also was placed on the particle
time of fligths. These events were measured and spatially reconstructed. Information
on each event including track momentum, position and timing were recorded. Time-
of-flight measurements for 509, of the data were amplitude and position corrected (*).

Muon pair production

(3} ete™ — putu~,

was identified by requiring both tracks to have momenta <1 GeV/e and to have tra-
versed the ESC without a visible interaction. Rather loose limits were required to identify
this reaction.

After cosmic-ray background subtraction, a total of 195 1 pair events was identified
in the data sample. The shape of the distribution in the scattering angle 0 was seen to
follow 1-} cos? 0. These events were used to set the geometrical aceceptance of the ap-
paratus and the angular and momentum selection criteria for hadron pair events. The
fiducial volume so selected resulted in AQ = 0.17 X 4% (source length ¢ = -+ 11 cm)
within which the efficiency of ESC system was demostrably high. The momentum
measurement accuracy, as deduced from the muon track momentum distribution, was
Ap/p = -+ 0.07p (p in GeV/e). The u-pair sample also was used to determine the effec-
tive luminosity.

Candidates for processes (1) and (2) were identified by requiring two nonshowering
charged particles, coplanar with the beams to within [Ag|< 4 8° and collinear to within
|AB| < 5o, It was further required that the difference between the intersection points
along the beam line for the two tracks of each event, be less than 6 mm.

(3) W. W, AsH, D. C. CHENG, B. EsposITO, F. FELICETTI, A. MARINI, H. OGREN, I. PERUZZI, M. Pic-
coLO, F. RoNGA, G. SACERDOTI, L. TRASATTI, G. T. ZORN, B. BarT0oLI, B. Coruzzi, A.NIGRO, V., SIL-
VESTRINI, F'. VaNOLI, D. BISELLO, A. MULACHEIE, M, N16RO, L. PESCARA, R. SANTANGELO, H.SCHIA-
vuTa, D, ScaNNIccHIO, P. MONACELLI, L. PaorvzL, G. PIANO-MORTARI and F. SEBASTIANI: Nucl.
Instr. Meth., 148, 431 (1978).

(*) Technical problems prevented this correction from being applied to all the data.
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Hadron pair candidates also were required to fulfill the following conditions:
a) correct time of flight for pions and kaons to witnin Zs;

b) for K K+ candidates, proper particle range or visible nuclear interaction oc-
curring in the ESC for both tracks;

¢) for m+n~ candidates at leagt one track associated with a nuclear interaction
in the ESC system.

Events of reaction (1) also were accepted if one of the kaons decayed in the wide-
gap chambers and the other satisfied criteria a) and b). One event of this type was ob-
served and was included in our event sample.

Muon pair and cosmic-ray contamination of the hadron-pair sample were drastically
reduced by criteria b) and ¢).

The. contamination of ete~ events in hadronic pairs was evaluated from collinear
Bhabha events with one track exhibiting a clear shower behaviour in ESC system and the
other track simulating a nuclear-interaction pattern. The probability for an ete~ event
to simulate a hadron pair was determined to be ~1.5-10-%¢ This probability gives a
background of 0.4 pion pairs and 0.7 kaon pairs.

The contamination from multihadron events was calculated from a combined analysis
of momentum and collinearity distributions for two-track events. The corresponding
background is 0.2 events each for pion and kaon pairs.

For each event selected for reactions (1), (2) and (3) the following quantity was

calculated :
p—] 2 — 2
- [Ih pg] + [102 Poc] (0=, K, ),
o(py) o(ps)

where p, and p, are the momenta of the tracks, o the associated errors and p, the expected
momentum.

The observed y;, distribution for events of reaction (3) is statistically consistent
with that expected for two degrees of freedom. K*K™~ and mirn— events were selected
by requiring a yx . value less than 5. The numbers of events selected in this way were
12 K+K- and 11 w+n— events.

The detection efficiencies for the apparatus both for triggering and event selection
were estimated for these reactions by Monte Carlo simulations. These calculations took
into account nuclear interactions and decays in the complex geometry of the detector.

The cross-sections for hadron production have been calculated using the following
relation:

o — Nin "
wn = T o Oups
Ehn 'ZVU-U»

where N,,, N,, are the total number of hadron and muon pairs observed, ¢,, = 37.3 nb
is the QED cross-section for muon pair production and &, s,, are the corresponding
overall efficiencies for detection. These efficiencies have been calculated and include
detection efficiency from the Monte Carlo calculation and the corrections resulting from
the 2 selection of events.

The numbers of events observed along with their associated overall efficiencies are
given in table I. The errors given for sy, s,, are systematic errors due to uncertainties
in the nuclear interaction lengths and in the determination of the geometrical acceptance.
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Fig. 1. — The kaon timelike electromagnetic form factor |Fgl? ws. the e*e- centre-of-mass

energy W (GeV). The curve is the p, », 9 VMD calculation including interference (*). References
are given for other experimental results: e (), A (*), a4 (), v (%), © (*), = this experiment.
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Fig, 2. — The pion timelike electromagnetic form factor |Fp|* vs. the ete~ centre-of-mass

energy W (GeV). The curve is the p tail as calculated by GOUNARIS and SAKURAI (!!'). References
are given for other experimental results: <© (5), & (%), A (), © (**), u this experiment.
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TaBLE I. - Summary of Results on p., © and K Pair Production at W = (1.45-1.52) GeV
for & = 30.7 nb-1.

Reaction No. of No. of Overall Total [#,?
events events efficiency Cross-
(observed) (background ¢ section
subtracted) (nb)
ete~ — ptu- 230 195 0.17 4 0.01 37.3 —
ete~ — mwm- 11 10.4 0.07 - 0.015 48 +1.4 0.54-40.16
etem — K+K~ 12 11.1 0.10 4 0.02 3.6 4+1.0 0.90 4 0.26

The timelike electromagnetic form factors for K, = have been calculated with the
relation

Ith:%ﬁEf’JEE h=K,=.

3 . ?
Bu Opu

The results on cross-sections and form factors are given in table I; the values obtained
for kaon and pion form factors also are shown in fig. 1 and 2, respectively; the quoted
errors. are statistical only.

These figures summarize the measurements previously reported (3-'%) on the kaon
and pion form factors as a funetion of the ete~ centre-of-mass energy W between 1.1
and 2.1 GeV. In fig. 1 the curve shown for [Fy|2vs. W is based on a VMD ecalculation
for ¢, o, ¢ including interference (°). The curve in fig. 2 corresponds to the p tail as
calculated by Gounaris and SaxUrAI (11).

Our experimental results shown in fig. 1 and 2 are seen to lie above the tails of the
well-established vector mesons g, w, ¢, but in good agreement with previous measurements
made-at higher and lower energies. These results taken together indicate a broad en-
hancement for kaon and pion form factors above these tails which is notably lacking
in any structure that can be resolved with the present measurements.

(*) V. E. BALARIN, G. I. BUDKER, L. M. KURDADZE, A. P, ONUCHIN, E. V. PARHTUSOVA, S. L.
SEREDNYAKOV, V. A. SIDOROV and A. N. SKRINSKY: Phys. Left. B, 41, 205 (1972).

(*) M. BERNARDINI, D. BOLLINI, P. L. BRUNINI, B, FIORENTINO, T. MagsaM, L., MONARI, F. PAL-
MONARI, F. RIMONDI and A. ZICHICHI: Phys. Lett. B, 46, 261 (1973).

(®) G. BARBIELLINI, M. GRILLI, E. IaAROCCI, P. SPILLANTINI, V. VALENTE, R. VISENTIN, F. CERADINI,
M. CoNVERSI, S. D’ANGELO, G. GIANNOLI, L. PAoruzi, R. SANTONICO, M. N1GRO, L. TRASATTI and
G. T. ZorN: Lett. Nuovo Cimento, 6, 557 (1973).
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D. BisBLLO, M. NIGRO, L. PuscARA, P. SARTORI, R. BERNABEI, P, MONACELLI, G. PIANO-MORTARI,
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