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ABSTRACT

Total cross sections for reactions ete~ — gtgyw0, a'mw~27°, 20t 200,
20t 2~ 27°, 3" 37w~ have been measured in the total c.m, energy range 1.42-2,20
GeV, Partial R = Ghad/ UI»'+.U"' valueg for two and four produced charged pions, and

cross sections for positive and negative G-parity states are also reported,

2 0% % % % %

We present experimental results on the total cross section for the reactions

ete” —» alrn® ‘ (1)
aw 2n° (2)
20" 25170 (3)
2r 20" 20° (4)
3 3o (5)

obtained at the ete™ Adone storage ring (Y72 experiment) in the total ¢, m, energy

region W = 1,42 -2.20 GeV, where large multihadron production was observed by the

3
first-experiments at Frascati(“.




Preliminary results from the present experiment have been previously reported(z),
while the final results on reaction ete™ ——» 2: 97~ have been already published(3) .‘AThe
experimental set-up and the trigger logic have been described elsewherel4s 9), Multiha-
dron events have been selected by requiring two charged particles plus at least another
particle (track or photon),

We have collected 4009 multihadron events corresponding to a total integrated lu-
minogity of 419 nb'l, measured by wide angle Bhabha scattering in our apparatus.
Background events from beam-gas interaction, measured by running the machine with
a single beam, turn out to be negligible with our selection criteria,

Following 2 standard method(3: 5) the multihadron events have been classified in
different categories according to the number of observed tracks and photons, The pum-

ber nj of events in the k-th category is given by
l’lk = L-EiEki-o‘i (6)

where L is the integrated luminosity, £, is the efficiency for detecting the i-th reac-
tion in the k-th category, and 0; is the corresponding cross section. &; have been
evaluated by Monte Carlo method assuming that only pions are produced with an inva-
riant phase space momentum di.w,itz~ibuftion(*). Moreover a minimum (maximum) multi-
plicity of three (six) pions has been assumed,

Tor reactions (1)-(5) the calculated detection efficiency given in Table I, turns out
to vary smoothly with energy. In solving the system of eqs, (6) by standard maximum
likelihood method, the relation

olete™ —» 27 20720 = 20 (ete” ~» ot~ 300)

which follows from isospin consideration, has been imposed,

TABLE I - Calculated detection efficiency for reactions (1)-(5) at two
different energies, The efficiencies vary smoothly with W,

W . € : £ € £ £
(Gev) A atron® | 2nton™® anton"2q° 3ntan”
(%) (%) (%) (%) (%)
1.5 9 9 17 13 12
2.0 9 11 25 206 31

{x) 'The detection efficiency for reaction ete” st -n® varies by £15% if a si:nz 0
distribution is assumed for the angle between the normal to the 7 '@w-n® plane and
the beam line,



In Table II we report our results on total cross sections for reactions (1)-(4). Ra-
diative corrections(6) have been applied only to reaction ete~ —e atw~2a° for which
lower-cnergy data are available, The quoted errors are statistical only. Ag far as reac
tion eTe™ —p 3" 37" is concerned, our limited statistics allows only to infer a cross
section & 2.nb in the explored energy range.

In Fig, 1 we report our results for reactions ete”™ —sm'm “n°, 211:"'2“'4170, 2rt 25 2P
together with those from other e:xperi.men.ts('?"‘o‘. For ceaction ete™ —» gty-m0 (Fig.
1a) our data are compatible with the existence of a relatively narrow resonance around
1.65 GeV which has been observed in this channel by other experiments(8:9), This state
has been detected(g’ 10) algo in reaction eTe” —» 2at 2 m© (Fig. 1b) but our limited

statistics does not allow to confirm its existence in this channel, It should be noted that
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FIG, 1 - Present results and previous ones on total cruss sections for reactions :
a) ete” —» AW WO; b) ete” —» 2n" 207w ; c) ete” —» 277 2~ 27°, The energy

interval corresponding to each point of present experiment is reported in Tab, II,
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in this reaction our results are on the average in good agreement with those from DCI-

-DMl(lo). Conversely the data from DCI-M3N(9) are, especially at high energy, quite
higher than the present ones, This situation appears to be reversed in the reaction
ete™ - 27" 20~ 20° (Fig. 1c¢). This effect may be due to systematic errors in photon
identification and in evaluation of the phot on detection efficiency. In fact the sum of

6(2.7v+ 2067n°) and 0(2117+ 20~ Zﬂ’o) cross sections (Fig. 2a), which is less sensitive to pho

ton detection efficiency, turns out to be in better agreement betweenthetwoexperiments.
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FIG, 2 - Comparison of present results with those from DCI-M3N, a) Sum of the
Cross sections ¢ (20" 2mw0) + o(2sT 20" 2a°). b) Sum of the cross sections of reac
tions with four produced charged pions 04 = o2t 2m) + o(2n" 20°m0) +

+ 0(231."“' 2~ 27°), Errors on present data take into account correlations between
cross sections due to eq, (6), while for DCI-M3N data, errors have been calcula
ted by summing quadratically the errors on each cross section,




Furthermore if we consider the

0, = (20t 2007) + 0 (2" 200°w0) + o (2t 25~ 200)

4

cross section (Fig. 2b), which is practically independent on photon detection efficiency,
the agreement hecomes quite good in the whole energy region, These results support the
above-mentioned interpretation of the discrepancies between DCI-M3N data(® anq pre-
sent ones,

The high cross section value of present data at W =1,82 GeV in Fig, 2a represents
the effect of the resonant state already observed with higher energy resolution(ll). The
present data don't allow to single out which is the resonant channel betweenthe reactions
ete” —» 20t 27°7° and ete~ —s 22t 27 2710,

Fig. 3 shows preserr‘]asélr}t?eaction ete™ w mtm- 20° together with those obtained by

(7’9"12’13). A theoretical model based on vector dominancepredicts;(u‘)

other experiments
a cross section due to 0 tail (curve a of Fig, 3) which is about a factor two lower than

the experimental data,
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Fli, 3 - Present results and previous ones on cross section for reaction ete ™ —a»
—» gtw- 270, The cnergy interval corresponding to each point of present experi-
ment is reported in Table II, Curve a): vector dominance model prediction (@ -
-tail)(14). Curve b): expected contribution from @'(1600) e 0%1%° without any
non-resonant background(3) in 0(267277), Curve c): same as curve b), but tak-
ing into account a non-resonant ete” ws WA, ba<:|:ground(15).




.

Actually a further relevant contribution is expected from the decay 0'(1600) -» 9%7%x°.
From isospin considerations we have I'(Q' —»@%°t°) = 1/2 I'(@' —» 0°7'%w"). Agsum
ing that between 1,0 and 2,0 GeV the ete” —» 2m* 27~ cross section is due only to
0'(1600) —> 0°ztm~ without any non-resonant background(3), the @' —» 0°7%7° contri
bution is given by curve b (Fig. 3)., However if we take into account fhe presence of a
non-resonant A background in the ete”™ —s 277 27~ cross section(ls), the corre-
sponding ¢(a'@w™ 2m°) prediction is given by curve ¢ (Fig, 3). These theoretical predic
tions are définitely lower than the experimental cross section, also if ¢ tail and @'
contribution are added up. Therefore other contributions, e, g. from an eventual
0'(1600) s w7° decay, should be present.
In Fig. 4 and Table II we report, in a wider energy interval, the
R = 0(ete” w> hadrons)/o(ete” ~» u'yn~) values for events prodﬁced with two (R5) and
f.our (R4) charged pions, with or without neutrals. Two body final states (e. g. ete” —
—> n'w") are not considered in our analysis and therefore not included in Ry, The
agreement with SLAC-LBL rasults(ls) is quite good in the overlapping energy region,
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FIG, 4 - Present results and previous ones on R pertial values for two (Ry)
and four (R,) produced charged pions versus total c, m. energy W.




Finally we report in Table II and Fig. 5 the total cross sections for even (¢*) and
odd (07) number of produced pions, whieh correspond respectively to positive and ne-

gative G-parity states. Around 1.5-1.6 GeV the ¢% is dominated by the ©'(1600) reso-
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FIG. 5 - Present results and previous ones on cross sections for production of

final states with positive (6%) and negative (6~) G-parity.
nance, In the whole energy range ot is definitely larger than 6~, as expected. In fact

taking into account the quarks composition of the g-like and -like states, SU(3) pred

icts that for asymptotic w values, the following r-iation holds:

W
f AW 0-(W) o
M:. _ Wo ) l Qu + (ugd| ] 1
e = T 9
J aw o+ (W) |2, Qd‘

W,
5]

where Q) q is the quark charge.

In order to compare our res/ults with this theoretical expectation we report inFig, 6
the ratio M'/M+ calculated from present results, with W, = 1,42 GeV. The agreerment

with the predicted asymptotic value is quite good,
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FIG, 8 - Ratio of the zeroth momentum of the negative and positive G-parity

cross sections.
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