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An investigation on multihadron production in ete- annihilation in the centre-of-
mass energy interval 1.45 to 1.61 GeV has been made at Adone, the e*e~ storage ring
at Frascati, using the MEA magnetic detector. Previous preliminary results gave some
indications of a resonant production at 1.5 GeV (*), but the analysis presented here
does not allow us to confirm the existence of a resonant state, The results show evidence
for p®production over the whole energy range. From these data, new values for the partial
oross-sections and the value of B (= total cross-section/uy cross-section) are given.

A drawing of the MEA magnetic detector is shown in fig. 1; it is described in detail
elsewhere (2). The detector consists of wide-gap and narrow-gap spark chambers ope-

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

(*) C. BEMPORAD: Proceedings of the International Symposium on Lepton and Photon Inieraction of
High Energies (Hamburg, 1977).

(!) W.W. AsH, D. . CHENG, B. EsrosiTo, F. FELICETTI, A. MARINT, H. OGREN, I. PERUZZI, M. PIC-
CoLo, F. RONGA, G. SACERDOTI, L. TRASATTI, G. T. ZorN, B. BARrTOLI, B. CoLuzzI, A. N1GRO, V. SIL-
VESTRINI, F. VaNoLI, D. BISELLO, A. MULACHI®, M. Niero, L. PESOARA, R. SANTANGELO, B. SCHIA-
VUTA, D. ScaNNIoCcHIO, P. MoONACELLI, L. PAoLUZI, G. PIANO-MORTARI and F. SEBASTIANI: Nuel.
Instr. and Meth., 148, 431 (1978).
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Fig. 1. — Vertical section of experimental apparatus: O C’; are narrow-gap spark chamber;
C, O; wide-gap oylindrical spark chambers for momentum analysis; C,C, thick-plate spark chambers
for particle identification; MWPC multiwire proportional chambers; Sy, Sg, ey S:k scintillation counters.

rated in a 2.0 kG magnetic field perpendicular to the efe~ beams. The effective solid-
angle acceptance for triggering and for momentum measurement at beam energies
of 0.75 GeV is AR, = 0.33 x 4x sr and for y conversion and for particle interaction
and range studies AQ)y = 0.27 X 4z sr. To trigger the apparatus two charged particles
must penetrate the upper and lower halves of the detector, out to scintillation counters S,
and §,, thus requiring pion kinetic energies of 110 MeV and 130 MeV. The single track
momentum resolution is Ap/p = 4 0.05 at 500 MeV/c and the corresponding angular
resolutions, extrapolated to the interaction region are Ag = 4- 1.2° and A8 = + 0.8°

Photographs were scanned for multiparticle events with at least two charged tracks.
The following criteria were applied in their selection : the noncolinearity angle between
track pairs and the noncoplanarity angle of track pairs and the e*e~ beams were required
to be > 10°; the apparent vertex point of the event should originate in the e*e~ interac-
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tion region; and the event timing was required to correspond to the bunch-bunch col-
lision time.

Studies of event timing, vertex position and secondary particle interactions have
demonstrated that the multihadron events selected in this way have a negligible back-
ground contamination.

This event sample, corresponding to an integrated luminosity of 78 nb—1, has been
used to determine the yield of multihadron events as a function of ete- centre-of-mass
energy. These results are presented in fig. 2. Figures 2a) and b) show two groupings
of the data. There is no significant indication seen of a resonant behaviour of the cross-
séction in this energy interval.

L +— f : %
IIRTUTIL

Fig. 2. — Yield of multihadron events (events/nb~!) ws. ete~ centre-of-mags energy, W. a) shows
individual data points and b) shows the data grouped into larger energy intervals.

From this data, a sample of events corresponding to 39 nb-! was chosen for further
analysis with the objective of investigating final-state interactions and correlations.
Events of at least two tracks with two wide-gap sparks defining each track were measured
and reconstructed (2). The criteria for selection were the following: track-pair non coli-
nearity and non coplanarity angles at the vertex were required to be > 10°; the tracks
of an event should extrapolate to form a vertex in the interaction region within 1 em;
and, finally, the event occurrence should coincide in time with the mean bunch-bunch,
collision time to within 4 8 ns. A totalevent sample of 165 events resulted. The charac-
teristics of these events have been summarized in table I, where the charge multiplicity
is given in three centre-of-mass energy intervals.

The inclusive spectra for the selected event sample have been studied, first by com-
paring the spectra of the three energy intervals of table I. No statistically significant
difference was noted in these inclusive spectra,
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TABLE I. — Characteristics of reconstructed events.

Centre-of-mass L (nb-t) 2Tty 2Tgueot+ny 3T4ny 4T+ny Total

Energy, W n=0,1,2 number of
(GeV) events
1.450 -1.489 13.8 10 2 28 11 51
1.490+-1.510 16.3 23 4 35 17 79
1.511 -1.610 8.9 10 5 15 5 35

39.0 43 11 78 33 165

Two-body final states coming from the decay of 2 known particle and resonant states,
i.e. K9, o0 and K*°, were investigated in an invariant mass study assuming alternately
track identities of m*x¥ and K#nF in neutral charge combinations. Particle identities
were taken consistent with time-of-flight, momentum and range measurements. Again
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Fig. 3. - w*n® and m*K" invariant mass spectra in the energy interval W, = (1.45=1.61) GeV.
Results of invariant phase space Monte Carlo calculation are shown as dashed lines.

the data were divided into 3 energy intervals as in table. T to examine possible differences,
Comparing these distributions no significant differences were found. These data have
been combined together and the distributions of w*n™ and n+K¥F invariant mass com-
binations are shown as the solid-lined histograms of fig. 3a) and b), respectively.

Also presented in fig. 3 are the results of Monte Carlo calculations in which the inva-
riant-phase-space production of up to six pions is used (described below). The inva-
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riant mass spectrum shows an enhancement at the e invariant mass. The reflection of
this enhancement is present in the #+K¥ invariant mass spectrum centred at 975 MeV/e.

A search for exclusive channels was made, in particular for the channel ete— —
—> mtr-min= (3%), In fig. 4 the spectrum of the squared missing mass M2, is shown
for the 42 events with three or four reconstructed tracks and no v-ray (36 and 6 events
respectively with 4- 1 and 0 total charge). Selecting the events with — 0.05 < M? <
<0.15 (GeV/e?)?, we obtain a set of 5 four-track and 32 three-track reconstructed events.
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Fig. 4. - Distribution of the (migsing mass)? in the energy interval W == (1.45+1.61) GeV for events
having three or four reconstructed tracks but no converted Y-rays.

Five among the latter ones, for which the direction of the missing charged frack was
inside the solid angle of the apparatus, were rejected as coming from the wtr-mtr—no
and mtr-ntr-nn0 channels. This number agrees with that estimated comparing the
Monte Carlo calculation for these channels with the experimental M2 distribution.

The wtr-ntn- candidates were studied in a Dalitz plot of the invariant mass of a
neutral pion pair vs. the mass of the other pair (fig. 5). The densities evaluated with
a Monte Carlo assuming an IPS or a pdwtn- production mechanism, are shown in the
upper half of the plot.

In the hypothesis of only IPS production, the comparison between experimental
data and the Monte Carlo gives a x2/d.o.f. = 7.0 in a fit with 4 d.o.f. The fit with IPS
and pntn~ mixed in arbitrary proportion allows us to say that the sample came essen-
tially from the pntr— channel alone (x*/d.o.f. = 0.9). This result is consistent with the
invariant mass spectrum in fig. 3; both confirm that in this energy region the main con-
tribution to the reaction e*te~ — wtx—rFn— comes from the et~ channel.

Assuming that only the following final-state channels contribute to the total cross-

(*) B. Bsposiro, F. FELICETTI, A. MaRriNT, I. PERUZZI, M. P10C0LO, F. RONGA, A. NIGRO, D. BISELLO,
M. NiGrO, L. PESCARE, P. SARTORI, R. BERNABEI, S. D’ANGELO, P. MONACELLI, L. PAOLUZI, G. PIANO-
MorrarI, A. SciusBA and F. SEBASTIANI: Leff. Nuovo Cimenio, 19, 21 1977).

(*) ¥. CErRADINI, M. CONVERSI, S. D’ANGELO, L. Paoruzi, R. SANTONICO, K. EKSTRAND, M. GRILLI,
E. IarocorI, P. SPILLANTINI, V. VALENTE, R. VISENTIN and M. NIGRO: Phys. Lett., 43 B, 341 (1973).
(°) F. LAPLANCHE: Proceedings of the Infernational Symposium on Lepton and Photon Interaction
at High Energies (Hamburg, 1977).
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Fig. 5. — Scatter plot of the invariant mass of oppositely charged pion pairs, M(w,mw.) vs. the invariant
mass of the remaining pair M (wsm,).

section, it is possible to calculate their partial eross-sections:
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In the above reactions K= production channels were not considered because of the
relatively small number of K+ mesons observed (*). The detection efficiencies for final
states in the. different detected configurations were obtained with a Monte Carlo calcu-
lation and are shown in table II. The particles were generated according to phase-
space momentum distribution; only in the generation of three-body final states (n*trn—n°)
a dynamic factor sin® w sin? @ (¢} was used for each event; where o is the angle between
the e*te- beam direction and the normal to the production plane and 0 is the angle be-
tween the two charged pions.

The partial cross-sections of the reactions (2) were evaluated golving the system
of k equations.

N, & = Zlekl o;

where N, is the total number of events that belong to one of the categories listed in
table IT and that satisfy the requests on the value of their M}, shown in the same table.
& the total luminosity, o; the cross sections for the reactions (2), &, the efficiency for
detecting the reaction ¢ in the k-configuration. Also the relation {(n,> = 4.2 + 0.1 was
used as an equation of the system to be solved, where {n;> is the mean pion multiplicity
obtained by the study of the inclusive spectra (**). Taking statistical errors for N, into
account we have searched for the best solutions of these equations using standard pro-
grams which minimize the y* function.

Uking the results of this analysis a complete Monte Carlo calculation was performed.
From this ealculation the predicted invariant mass spectra of fig. 3 were extracted.
The results of this analysis are summarized in table III.

TasLe 1I1. —~ Summary of calculated partial cross-sections (X 10733 em?) for multihadron
production at W = (1.45--1.61) GeV.

o (ntn—nf) 2.1+ 2.2
o (ttr-n'n0) 19.0 + 4.4
¢ (wtr-nonon?) 3.0 4 2.5
o (p*ntr= — win-rtn-) 251 4+ 1.9
o (ttr-mwte-no) 6.1 + 5.0
¢ (mtnwte-ninY) 15.0 + 5.8
o (nte-mwtrrtn) 2.0 4 6.5
Oyo(€te~) — many-hadrons) 72.3 -+ 11.6

The total cross-section, oy, = (72.3 - 11.6) nb divided by the cross-section for muon
pair production is

» Oyos(€Te™ —> hadrons)

= 2.0 4- 0.3 .
(ete~ — ptum) =

® koW

‘We wish to thank the scanning staffs of Padova and Maryland. We are also grateful
to V. Biport, A. D1 Biagro, O. CrarroNi and S. CLEARWATER for t;ec}lnical assistance.

(*y The results of this analysis will be reported in a work in progress.
(¢) N. CanisBo and R. GATTO: Phys. Rev., 424, 1577 (1961).
(**) See note before.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


