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We present here the measured total cross-section for the reactions

nte—ntno,

wter-ntn—n?,
(1) ete™ —
iRl ,

nte-win-min—,

and cross-section values for positive and negative G-parity states in the total c.m.
energy range (1.45--1.80) GeV. The final results, coming from kinematically recon-
structed events, on the exclusive channels ete~ — wtr—n? and ete~ — win—ntn- in the
same energy region have been already published (!). The R =2 o,(> 3n)/s(ete” —

— wtp~) values in the same energy region were also published (2).

(*) Presently at CERN, Geneva, Switzerland.
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Fig. 1. — Vertical section of the experimental apparatus: C,C; are narrow-gap spark chambers;
C,C; wide-gap cylindrical spark chambers for momentum analysis; C,C; thick-plate spark chambers
for particle identification; MWPC multiwire proportional chambers; S;, S,, ..., S; scintillation counters.

TABLE I. — MEA detector main characteristios.

Magnetic field

2.0 KG, perpendicular to ete~ beams

Solid-angle acceptance

AR, = 0.33 x4x sr, for triggering and for momentum
measurements at beam energies F, = 0.75 GeV

ARy = 0.27 X4 sr, for y conversion, particle interac-
tion, range measurements

Trigger requirements

Two charged particles penetrate the upper and lower
part of the detector (pion kinetic energies of at least
110 and 130 MeV)

Single-track momentum
resolution

Ap/p = 4 0.05 at 500 MeV/c (corresponding angular res-
olution: Ag = 4 1.2 and A6 = { 0.08)




MEASUREMENT ON wtn—nn?, nmtn—n+rn-n?, ETC. 447

The experiment has been performed at Adone, the Frascati ete~ storage ring, with
the MEA magnetic detector (fig. 1). The experimental set-up has been deseribed in
detail elsewhere (3); the main characteristics are summarized in table I together with
the trigger requirements.

The multihadron events were selected by requiring at least two charged tracks.
The following criteria were applied in the selection (*3): the acoplanarity angle of the
track pairs and the ete~ beams and the noncolinearity angle of the track pairs are
required to be = 10°; the reconstructed vertex point of the event must originate in
the ete~ interaction region and the timing was required to correspond to the bunch-
bunch collision time.

The results are referred to a total integrated luminosity % = 271.2 (nb-1), as
measured by wide-angle Bhabha scattering in the apparatus. The events were
selected into different categories, according to the number of observed tracks and
v-rays. The partial cross-sections for different final states were evaluated solving for
each energy, by a standard likelihood method, the system

n
(2) é = ; Egi0i»

where ny is the number of events belonging to the K-th category, .# the collected
luminosity, exz; the efficiency for detecting the i-th reaction in the K-th configuration
and o; the cross-section of each final state. The detection efficiencies ¢z, were
obtained by the Monte Carlo method, by assuming that only pions are produced with
a phase-space momentum distribution.

TaBLE II. — Calculated detection trigger efficienceis.

W (MeV) £ £ € £
ntr-won® e ntn—n? o ntn-wrr-ntn
(%) (%) {%) (%)

1500 2.5 6.1 2.6 8.1

1750 3.1 11.1 6.5 10.5

In table IT we give the trigger efficiencies of our apparatus for the different final
states; these efficiencies vary smoothly with energy. Furthermore, we assume a
maximum multiplicity of six pions and we do not take into account colinear pair
production. Solving the system of eqs. (2), we have imposed the relation

o(ete” - win—ntr—n?) = 20(ete” — nrr—nnoal) ,

which derives from isospin considerations.

(®) 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, BARrTOLI, B. CoLUZZI, A. NIGRO, V. SIL-
VESTRINI, F. VANOLI, D. BIsELLO, A. MULACHIE, M. N16RO, L. PESCARA, R. SANTANGELO, E. SoHIA-
VUTA, D. ScANNICCHIO, P. MONACELLI, L. PaoLUzI, G. PraNo-MoRTARI and F. SEBASTIANI: Nucl.
Instrum. Methods, 148, 431 (1978).

(*) B. EsposiTo, A. MARINI, M. PALLOTTA, G. PIANO-MORTARI, F. RONGA, B, SEcHI-ZORN, G, T.
ZORN, M. N1GRO, L. PESCARA, R. BERNARBEIL S, D’ANGELO, P, MONACELLI, M. MoRICCA, I.. PAOLUZI,
R. SanToNIcOo and F. SEBASTIANI: Le#f. Nuovo Cimento, 25, 5 (1979).

(¢} B. Esposrro, F. FELICETTI, A. MARINI, I. PERUZZI, M. PiccoLo, F. RoNGA, A. NI¢Rro, D. BISELLO,
M. NIGRO, L. PESCARA, P. SARTORI, R. BERNABEI, S. D’ANGELO, P. MONACELLI, L, PAOLUZI, G. PIANO-
MORTARI, A. ScIUBBA and F. SEBASTIANI: Leff. Nuovo Cimenfo, 19, 21 (1977).
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TasLE III. - Column 1: total c.m. energy interval in which data have been binned; column 2:
mean c.m. energy value of the corresponding interval AW; column 3: in integrated luminosity;
columns 4-6: cross-sections of the reactions considered; colummns 7-8: cross-sections for negative

{o~) and positive (o*) G-parity final statbes.

AW {W> £ o(ntnn'z®  o(ntn-ntnn®)  o(ntrwtnndn0) ot

(MeV) (MeV) (nb-') (ub) (nb) (nb) (nb) t(rnb)

1450 1475 1462 33.1 154415 2.040.9 41422 39.54-3.2 7.24-2.6
1475 -1525 1503 96.1 24.9-16.0 4.0+£0.9 9.04-1.3 59.94-6.2 12.01-1.6
15256 1625 1577 33.2 28.0+2.5 4,0-:3.6 9.04-3.8 62.0+-4.9 12.04-5.9
1625--1675 1653 26.2 25.04-6.4 4.04+3.3 8.0+5.2 59.01-8.7 18.014.3
16751725 1697 34.6 26.14-3.4 4.041.1 10.04-3.6 52.1+L5.4 13.041.9
1725 +1775 1748 26.4 24.01-2.0 4.0-41.1 10.0+£5.0 52.0+5.9 11.043.5
17751800 1788 21.6 26.04+7.0 3.9+1.1 6.94+4.2 50.818.6 99429

The quoted errors are statistical only as obtained by solving the system (2).

For the reaction ete~ — wtn—ntn—n*n- we obtained a cross-section <2 nb in the
explored energy range. In table III we report our results on total cross-section for

the other reactions (1).

Figure 2a) shows the present results on the cross-section of the reaction ete——

— wtn-n®n® together with those obtained by other experiments (4-29).

In fig. 2b) we report the weighted mean of the experimental values of the cross-

section, in the energy range (1.1 --2.0) GeV, binned in 50 MeV steps. In the same
figure are also shown the contributions from the p(1550) (dashed line)—evaluated
according to o(rntn % = }o(nin—ntn-) from the values () of the cross-section of
the reaction ete~ — ntn—ntn—— (*) and the p-tail (solid line)—as evaluated by ArLTUROV
and KuarrprovicH and quoted in ref. (19).

When we subtract incoherently these contributions from experimental values, as
shown in fig. 2¢), we obtain a clear bump near 1300 MeV, compatible with the
existence of the p(1250), firstly seen in e*e- annihilations by ConvERrsI el al. (1)

(®) C. Bacor, G. DE Zorzi, G. PENgo, B. STELLA, R. BALDINI-CELIO, G. BATTISTONI, G. CAPON,
R. DEL FaBBRO, E. IAROCCI, G. P. MURTAS, M. SPINETTI and L. TRASATTI: to be published on Phys.
Lett. B.

() . CosME, B. DUDELZAK, B, GRELAND, B. JEAN-MARIE, S. JULIAN, D. LA JEANNE, F. LAPLANCHE,
V. LEPELTIER, G. PARROUR, C. PAULOT, S. PROTOPOPESCU, R. RISKALLA, PH. RAY and G.SZKLARZ;
Nucl. Phys., 152, 215 (1879).

(®) C. PavroT: Thesis, Orsay Rep. LAL 79/14 (1979).

(*) G. CosME, A. COURAN, B. DUDELZAK, B. GRELAND, B. JEAN-MARIE, S. JULIAN, D. LA JEANNE,
F. LAPLANCHE, G. PARROUR, R. RISKALLA, PH. RAY and G, SzRLARZ: Phys. Lett. B, 63, 349 (1976).
(1) V. A. SiDOROV: Proceedings of the Interpational Symposium on Lepion and Photon Inleractions
at High Energies (Batavia, IIl., 1979), p. 490.

(*) The % factor is derived from naive considerations on isospin conservation, giving

o(p*min)/o(pinte) = % .

This factor indeed may be smaller, expecially at lower energies, as indicated by S. I. EIDELMAN:
Z. Eksp. Teor. Fiz. Pis'ma Red., 26, 563 (1977) (quoted in ref. (12)).

(1) M. CoNVERSI, L. PaoLuzi, F, CERADINI, S. D’ ANGELO, M. L. FERRER, R. SANTONICO, M. GRILLI,
P. SPILLANTINI and V. VALENTE: Phys. Lett. B, 52, 493 (1974).
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Fig. 2. — a) Present results and previous ones on cross-section for the reaction ete--—mwtw-2n°;
b) weighted mean of the experimental values of the cross-section binned in 50 MeV steps from
(1.1-+-2.0) GeV, together with p(1550) (dashed line) and p-tail (solid line) contributions; ¢) weighted
mean of the experimental values of the cross-section when the above contributions were incoherently
subtracted. © present results, e Adone-Mea (*%), VA done-yy2 (*), o ACO-M2N (*}, ¥ VEPP 2M-
OLYA (1), A DCI-M3N (»*), m weighted mean values.
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Fig. 3. — Present results and previous ones on total cross-section for reactions a) ete- —n+n-rn*n-n’,
b) ete~ —mtw-mtn-m'n®, ¢) sum of the cross-sections ¢(2w+2m-w®) + o(2n+2x-2n°). e present resulfs,
o Adone-Mea (**), v Adone-yy2 (*), a DCI-M3N (%), o DCI-DMI1 ().
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(M = 1250 MeV, I" = 150 MeV) and recently observed by Bartaruccr ef al. (33}
(M = (1266 4 5) MeV, I' = (110 &+ 35) MeV) in electroproduction and by AsToN
et al. (*) and by BARBER ef al. (*4) in photoproduction. A more detailed analysis of
these data is very involving owing to the presence of different resonant states and the
reciprocal interference.

In fig. 3 we report the results for cross-sections of the reactions

ete~ — win—ntr—n?, wtn-ntnaln0,
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Fig. 4. — Present results and previous ones on cross-sections for production of final states with posi-
tive (o+) and negative (o-) G-parity. e, o Present results; m, 0 MEA-Adoune (%%); v,V yy2-Adone (%).

(**y 8. BarTaLUCCI, G. BasINI, 8. BERTOLUCCI, M. Frori, P. GIRoMINI, R. LaNDAU, B. METZ, C. RIP-
PICH and A. SERMONETA: Nuovo Cimenfo 4, 49, 207 (1979).

(1*) D. AsTON, M., ATKINSON, R. BATLEY, A. H, BALL, B. BoUQUET, G. R. BROOKES, J. BRORING,
P. J. BUssgEY, D. CLARKE, A. B. CLEGG, B. D’ALMAGNE, G. DE Ro8NY, B. DIEKMANN, M. DRAPER,
B. DREVILLON, I. P. DUERDOTH, J. P. Durey, R. J. ELLISON, D. EZRA, P. FELLER, A. FERRER, P. J.
FLYNN, F, FRIESE, W. GALBRAITH, R. GEORGE, 8. D, M. GILL, M. GOLDBERG, S. GOODMAN, W. GRA-
vES, B. GROSSETETE, P. G. HAMPSON, K. HEINLOTH, R. E. HUuGHES-JONES, J. 8. HUuTTON, M. IB-
BOTSON, M. JunG, S. KATSANEVAS, M. A. R. Kemp, F. Kovacs, B. R. KUMAR, G. D. LAFFERTY,
J. B. LANE, J. M. LEVY, V. LIEBENAU, J, L1TT, G. LONDON, D. MERCER, J. V. MoRRIS, K. MUL-
LER, D. NEWTON, E. PAUL, P. PETROFF, Y. Pons, C. RAINE, F. RicHARD, R. RIcHTER, J. H. C.
RosERTS, P, RoUDEAU, A, RoUcE, M. RuMpr, M, SENE, J. S1x, I. O. SKILLICORN, J. C. SLEEMAN,
K. M. SmiTH, C. STEINHAUER, K. M. STORR, D. TREILLE, CH. DE LA VAISSIERE, H, VIDEAU, L.
VIDEAU, A. P. WAITE, A. WIJANGCO, W, WoOJOIK, J. P. WuTHRICK and T. P. Yiou: Phys. Lett.
B, 92, 211 (1980).

(1) D. P. BARBER, J. B. DaINTON, L. C. Y. LEE, R. MARSHALL, J. C. THoMPsSON, D. T. WILLIAMS,
T. J. BRODBECK, G. FrRosT, D. NEWTON, A. M. OSBORNE, G. N. PATRICK, G. F, PEARCE, T. SLOAN,
G. B. BrookgEgs, W. J. HayNEs and P, B, WILRES: Z. Phys. C, 4, 169 (1980).
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together with those obtained by other experiments (14%1%). Ag also fig. 3¢) shows, our
data are compatible within the errors with previous one.

Finally in table IIT and fig. 4 we present the total cross-sections for even (o+) and
odd (o) number of produced pions, corresponding to positive and negative G-parity
states, respectively, together with those of other experiments (+%). In the whole energy
range o+ is definitely larger than o-, as expected. Furthermore, the enhancement of o+
around 1.55 GeV reflects the p(1550) production.

(1*) B. DELOOURT: Proceedings of the International Symposium on Leplon and Pholon Inleractions
at High Energy (Batavia, IIl., 1979), p. 499.



