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_AB‘STRACT - The eross section for the reaction ete~—» w¥w-ntw~ hag been measured at the

o ete~ storage ring Adone, in the total c. m. energy range 1,42 «2,20 GeV, The
peak and the following descent of the '(1600) resonance is observed. Using also
lower energy data, and assuming that only one resonant amplitude contributes to
the observed cross section, the parameters of the @'(1600) are deduced.

We present experimental results on the cross section for the reaction:

ete™ = atwnn- (1)
obtained at the ete- storage ring Adone {772 experiment) in the total ¢. m. energy range W =
= 1,42 -2.20 GeV. In this energy region the existence of a broad resonance (the so-called
0'(1600) state) in channel (1) was established by the first experiments(l) at Adone.,

Prelirninary results from present experiment have been already r‘eported(z). The experi
mental set up has been deseribed elsewhere(3-5), The trigger logic requires at least two cha_?_
ged particles, one in the upper part and ore in the lower part of the apparatus, with a kinetic
energy of at least 120 MeV for pions (190 MéV for kaons). If also photons convert in the appa-
ratus, this limit can be as low as 35 (60) MeV, Multihadron events were selected by requiring
that in addition to the two triggering particles also another particle (track or photon) was pre-
sent, This selection criterion practically rejects all the background events due to beam-gass
interaction, as checked by running the machine with a single beam,

In these conditions we have collectéd in the above-mentioned energy range 2955 multihad
ron events, corresponding to a total integrated luminosity of 312 nb-1, measured by wide angle
Bhabha scattering in our apparatus. In order to extract from these data the cross section for-
exclusive channels and in particular for reaction (1), we divide the multihadron events in diffe-
rent categories according to the number of observed tracks and photons, The number njp of
events in the k-th category is then related to the cross sections ¢4 for the different exclusive
channels by the relation 4,9
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¢y being the efficiency for detecting the li-th
reaction in the k-th category, and L being
the integrated luminosity. In evaluating &y
by Monte Carlo méthod, we assume that on-
1y pions dare produced with an invariant pha-
se space distribution, Furthermore we &ssu

TABLE I - Column 1: Total ¢c. m, energy interval
on which data have been lumped. Column 2: Mean
total ¢, m. energy values of the corresponding in-
terval AW, Column 3: Cross section for reac=
tion et Column 4 : Integrated lu-

=

e —sntn-ata

minosity. me a minimum and a maximum mulflpllc\lty
of three and six pionsg.respectively. The re-
' lation 0(e+e“? atr-ata-n0) =
AW w g L = 20(eTe =+ A w a%a°7®) coming fromiiso
(MeV) (MeV) (nb) (nb"l) spin congsideration, has been imposed.
" ' ' For reaction (1) the calculated oveirall
1419 - 1475 14586 22.6 - 4.1 17.0 detection efficiency varies smoothly from
1475 - 1500 1491 | 30.6t2.3 34.8 ~17% at W = 1.5 GeV to ~22% at W =2 GeV.
« + _ Furthermore this detection efficiency is|prac
1500 - 1525 1507 23.472.8 2.1 tically unchanged if the decay scheme
1525 - 1575 | 1546 | 26.3 £3.5 12,5 0'(1600) =* QO *w~ > a'w w'w " is assumed,
. ‘ + . as suggested by different expemments(B 7,
1575 - 1615 1600 24.473.5 14.7 It should be noted that the maximum likeliho
1615 - 1650 1633 29. 4% 2.9 12. 4 od method used for resolving the system (2y
N ¥ introduces correlations beétween the obtained
1650 - 1670 1660 29.374.1 9.4 o, values, Nevertheless the cross section
1870 ~ 1795 1701 17.3 %t 2.9 21.7 for reaction (1) is the less sensitive (<€ 10%)
to this effect.
1725 - 1775 1752 16.8 t 2,4 20.1
i e + In Table I we report our results on
1775 - 1805 1794 13.222.5 13.2 cross section for reaction (1). The quoted
1805 - 1835 1821 10.1t2.1 20. 8 errors are statistical only., Radiative cor-
‘ b rections(®) have been applied, In Fig, 1 the
1835 - 1875 1851 11.972.3 12.9 se results are reported together with those
1875 - 2000 1935 8.21T1.4 34,92 obtained by other experiments ; they give on
the whole a clear signal for the '(1600) re
2000 - 2100 2050 8.3%T2.1 15,0

sonance. The peak value of the cross s¢c-
2100 - 2200 2150 5.31%1.3 41.0 tion (around 25-30 nb) indicates that this

~ channel is one of the main contributions, to
the observed structur'e(E’) in R around 1,6
GeV. ‘

n a small energy region around 1.5 GeV an additional set of data was collected with & mo-
dified'®s 9 apparatus. An independent analysis of these data gives us an estimation of posslb]\e
systematic errors (e. g. on gcanning procedure-and efficiency cal culation), In this energy réegion
the average cross section for reaction (1) obtained with the original (modified) apparatus is ‘
26,2 T 1.5 (21,8 *, 4) nb, which is consistent with a previously estimated() systematic ergor
of 15%.

Throughout our dita analysis we have assumed that all the detectéd charged pctrticles in

multihadron final states are plO f regardmg the possible presence of kaons, In fact the pro-
cesses ete~=» KTK-nTm-, aF, KOK O can simulate reaction (1) in our ap aratuq More
precisely taking into accoun’c experlmental results on kaons production below ) and ‘Lbove‘(7 10)

1.55 GeV, the systematic error on c¢ross section for process (1) due to non JLclen’chlcatlon of kaons
is negligeable at ~ 1,5 GeV and <2 nb above 1.6 GeV.

In Fig. 2 present results are reported together with lower energy measurements from Or-
say(11 12) and Novosibirsk(13), To obtain the 0'{1600 parameters we have fitted these data assu
ming that only one resonant amplitude is responsible for the observed cross section behaviour,

In particular we disregard both the possible existencel1%) of a @'(1250) and of a non reso-
nating background, Therefore the experimental results are fitted with a pure Breit-Wigner formu
la

M2 T B(ataatw™) (W)
glete™ = ata-ataw) = 5 5 e = S (3)
W (W Y+ MU (W)

- M)
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FIG. 1 - Cross section for ete~— atn-atn-. Present results are reported together
with previous ones.
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FIG. 2 - Crogs section for ete — n"'n“n"".n". Present results are reported together

with lower energy ones. Solid line represents the fit by a pure Breit -Wigner formula
(see text), Dashed line is a fit according to Ref, (17),
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where M is the mass, [e is the leptonic width, I'(W) is the total width of the @'(1600) resonan
ce and B(atm-ntw") is the branching ratio for the decay ¢'—» atm~wta-. 1f the 0'(1600) de-
cays only through a gmn intermediate state as suggested by different iaxper'iment(G: 7), then from
isospin consideration one should have Blata-atm-) = 2/3.

For the total width I'(W) we assume the following empiricdl energy dependence which gives
the correct threshold behaviour

2
a+b G W)W

where @(W) is the Lorentz Invariant Phase Space for-the decay Q' =¥ @°n+ar", a and b being
free parameters of the fit. The best fit (Xz/nD = 40/35) obtained with these formulae is reported
in Fig. 2 (solid line), The corresponding values of the 0'(1600) parameters are:

M = 1666139 MeV ;  I'(M) = 7001160 MeV ; I B(aa a'sr~) = 2.8310.42 keV.

The maximum in the cross section occurs at an energy Woeak ¥ 1530 MeV, while the total width
(FWHM) of the fitting curve is & 530 MeV. As expected these values are different fromm M and
I'(M) because I'(W) is etiergy dependent. These values are not in disagreement with those oh-
tained in photoproduction experiments 15) for the same wTmw-ntor - final state. It should be noted
however that in atm~ photoproduction a resonance around 1600 MeV has also been observed 15 .
but with a much lower width (280 - 280 MeV). This fact can be explained either assuming that the

observed @tm-mtw~ and mtm- resonances are different objects, or that not only ore (resonant)
amplitude contributes to the @tw-m¥m- cross section.

it has been pointed out(16) that a non-resonant background due to the reaction ete- *'—’Ai-‘a"ﬂt'"
- 0947~ ghould be present at these energies, Therefore a fit 17) o the expérimental cross sec
tion for reaction (1) has been done (dashed line of Fig. 2), which takes into account a " @'(1600)"
resonance, a AT non-resonant background and their interference. The corresponding @' para
meters deduced from this fit (M ©1.5 GeV; I'% 0,23 GeV; FeB(Jt"'n“ar+£rv') = 0.4 keV) are not
immediately comparable to those coming from the present pure Breit-Wigner formula; because
of the different theoretical approach which is discussed in Ref. (17), Nevertheless this fit achie -

ves a substantially better consistency between the ©'(1600) total width, observed in atn-at

and mTw- final states.

We want to thank T.N. Truong for very helpful and stimulating discussions,



REFERENCES,

(1) - C.Bacci et al., Phys. Letters 38B, 551 (1972) ; B, Bartoli et al. , Phys. Rev. D6, 2374
(1972) ; M. Grilli et al., Nuovo Cimento 13A, 593 (1973). T

(2) - G.P. Murtas, Proceedings of the 19th Infern. Conf. on High Energy Physics, Tokyo 1978,
p. 269; M. Spinetti, Proceedings of the Intern, Symp. on Lepton and Photon Interactions
at High Energies, Batavia 1979; R, Baldini-Celio, Proceedings of the Intern, Conf. on High
Energy Physics, Geneva 1979, p. 350,

(3) - R.Baldini-Celio et al., Lett, Nuovo Cimento 24, 324 (1979); 11, 711 (1974); Phys. Letters
64B, 356 (1976); 78B, 187 (1978); C.Bacci el al. , Lett., Nuovo Cimento 12, 269 (1975);
Phys. Letters 71B, 227 (1977). -

(4) - R.Baldini-Celio et al,, Lett. Nuavo Cimento 24, 324 (1979),

(5) - C.Bacci et al,, Phys, Letters 868, 234 (1979).

(6) - B. Esposito et al., Lett, Nuovo Cimento 25, 5(1979); Lett. Nuovo Cimento (to be published).

(7) - B. Delcourt et al., Orsay report LAL 79/21 (1979), presented at the Intern. Symp. on Lep-

ton and Photon Interactions at High Fnergies, Batavia 1979,

G, Pancheri, Nuovo Cimento 60, 321 (1969); G. Bonneau and F.Martin, Nuclear Phys. B27,

381 (1971); M. Greco, G.Pancheri-Srivastava and Y. Srivastava, Nuclear Phys. B101, 234

(1975).

G. Battistoni et al., Nuclear Instr. and Meth, 152, 423 (1978); Frascati report LNF-78/ 186

(1978).

(10) - B, Esposito et al,, Nuovo Cimento {(to be published).

(11) - G, Cosme et al,, Phys. Letters 63B, 349 (1976)

(12) - A, Cordier et al., Phys. Letters 81B, 389 (1979).

(13) - L. M. Kurdadze et al., Novosibirsk preprint 79-69 (1979), presented at the Intern. Symp. on
Lepton and Photon Interactions at High Energies, Batavia 1979,

- Particle Data Group, Phys, Letters 758, 1(1978),

- M. 8. Atiya et al., Phys. Rev. Letteré?l_&‘r_, 1691 (1979); F.Richard, Proceedings of the Intern,
Symp. on Lepton and Photon Interactions at High Energies, Batavia 1979; D, Aston et al. ,
CERN preprint EP/80-05 (1980) (submitted to Phys. Letters B); D. P, Barber et al,, Dare-
sbury preprint DL/P289 E (1980) (submitted to Nuclear Phys, B)

(16) - T.N. Pham et al., Phys, Letters 80B, 119 (1978),

(17) - G.Penso and T.N. Truong, Phys. Letters (to be published).

(18) - G, Cosme et al.,, Nuclear Phys. B152, 215 (1979),

—

o

~—
1

—

©

~
]

=

L=

=
P





<<
  /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


