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With the apparatus shown schematically in Fig, 1 we have stu
died the production of hadrons in ete~ collision at a total energy (2E)
ranging from 1.4 to 2.0 GeV, using the Frascati storage ring, "Adone'",
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Previous data on hadron production, which were reported at
the Kiev conference, are essentially confirmed with the present larg-
er statistics.

The apparatus, already described elsewhere(l"z), consists of
two identical telescopes located on opposite sides of the ete interaci
ing region, in the horizontal plane, The first spark chambers, Cl1,
are thin-plate chambers used for spatial reconstruction of the events,
Spark chambers C2 (15.4 g‘/cmz, Fe) and C3 (36,3 g/cm2, Fe) are
employed to identify particles by their behaviour (e, m. showers,
nuclear interactions). Water Cerenkov counters, C, (with a thresg-
hold of P =.75) separate K's of process ete =k k, from the other
two-body final state processes ()A+}A",e+e",, xTx7), for 2E£1,5GeV,
The end spark chambers, C6, serve to stop )‘b's from the reaction



ete- = },«.,-l-)/., -
The master coincidence used to trigger the spark chambers and
the film advance was defined as follows :

i) for T 70U~ colinear events: one charged particle in each te-
lescope, the first one with kinetic energy T 7 125 MeV, the other one
with T 7 180 MeV;

ii) for multipion events : one charged particle in each telescope,
one with kinetic energy T 2 90 MeV, the other with T > 180 MeV ;
any additional particle must have T % 30 MeV in order to be reco-
gnized,

The events, on which the following discussion is based, satisfy
all the criteria necessary to insure that the events are due to ete”
collisi‘ons(l), These criteria involve essentially the source spatial
reconstruction and the correct time with respect to the instant of
beam-beam collision,

The results have been corrected for possible machine back-
ground, using runs with only one beam circulating in Adone, No
event with three or more tracks was seen in these background runs,
A correction of less than 10% was required only in the case of two
track non-collinear events,

We shall consider separately the two body hadronic process
+ -+ -
(1) ee =h +h

and multibody reactions

(2) ete” =nh @ % 3, with at least 2 charged hadrons).

The separation between these two classes of events was based
on their appearence in the thin foil spark chambers, Cl, Two-irack
events are considered as due to process (1) if the tracks are collinear
within 10°, Events with larger non collinearity angle are interpret-
ed as due to either radiative corrections or multibody events, in
which only two tracks are observed(x)o It should be pointed out, more
over, that multibody events appear with more than two prongs in
~T70% of the cases,

(¥) - The multiplicity (number of tracks, T) is defined, for each event,
as the number of prongs, cbserved in the two chambers C1 originat
ing from a point in the ete~ collision region,



The possibility of identifying the secondary particles in these
events lies, pratically, in the discrimination between electrons and
hadrons, The criteria adopted for this discrimination were based
on calibration measurements of our apparatus made with electrons
of different energies (0.1 to 1,2 GeV) 3),

In the following tables and discussion we report only events
classified as hadronic. One evidence that the tracks from these events
are indeed mostly hadrons comes from the agreement between the
expected and observed numbers of nuclear interactions, assuming that
the secondary particles are pions, as it appears from the Table I.

TABLE I

Frequency of nuclear interactions
(observed in 3-track events)

2E (GeV) Predic¢ted value Experimental value
1.5 (50+ 70)% (66 +8)%
2.0 (40+50)% (49+7)%

The ""Predicted value'' were oObtained using known experimental
data on pion absorption in nuclear matter and a pion energy spectrum
as derived from phase space calculations, assuming that only processes
ete” w» 2nut+2 W +n1° (n=0,1,2) occur.

I. - RESULTS ON ete™ =" 7~ _
The criteria adopted to selectthis process are:

a) - Collinearity of the two tracks within 10° degrees (as mentioned
previously) ;

b) - Correct time-of-flight between counter pairs 3 placed symmetri-
cally on opposite sides of the beam interaction reglon at 60 cm("E

c) - No pulse in counter 5, placed at about 250 g/cm" (Fe) from the
interaction region;

d) - No track in the range chambers Cg;

e) - No shower observed along the path of the two particles, which

(%) - Correct time-of-flight is required also for the two counters 4
(at 80 cm from the interaction region)whenthey are both reached
by the particles,
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must reach counter 3 in one telescope (placed at 1 radiation length
from the source) and counter 4 (at 3.5 R.L.) in the opposite tele
scope;

f) - Pulse height in either of the two range telescopes less than twice
the minimum value,

Criteria b) e) d) strongly reject cosmic rays; c) and d) allow
one to recognize muon pairs from e e~ annihilation(4 .

On the basis of the above criteria and of the electron calibration
previously mentioned, we estimate that wide angle scattering events
(WAS -events) can contribute at most a 12% contamination to process
(1).

The results have been divided into three energy groups. The
detection efficiency for a pion pair has been calculated taking into
account the nuclear absorption of the pions, as known from experiment
al. data(5). B

On the basis of the calculated efficiency we obtain the actual
corrected numbers of w1 W~ pairs in the solid angle of our apparatus.
It is interesting to note that this efficiency result to be nearly the
same over the energy range of our measurements, So, as we see
from the Table II, both the observed and corrected TL-‘v/ee ratios
show the same energy dependence. This ratio should not vary
with the total energy 2E if the W production cross section has a
1/s energy dependence, Our data indicate, therefore, an energy de-
pendence steeper than 1/s,

We notice, furthermore, that in the case of a point - like pion
the ratio (fiw /ee) should be.about 2.5%. These results are sum
marized in Fig, 2,

During part of the runs at 1.5 GeV we have measured separate
ly K pair from W pair, exploiting the information from the Ceren-
kov counter, C (Fig. 1). The detection efficiency for kaon pairs is com
parable to that for pion pairs. Only 1 KTK- event was found out of
observed 16 hadron:pairs (7 - T events),

Possible contamination in the two body hadronic events from dif
_ ferent processes (radiative corrections to A pairs, or7T *rg- produ—::
tion from Yy annihilation processes{6)have been considered, They
are estimated to be less than 10%,

In summary, the most interesting results appear to be the
energy dependence of the pion pair cross gection and the small ratio
between kaon and pion pairs., We stress that both results are not
critically dependent on the absolute value of the efficiency of the
apparatus,



TABLE II

Results onT " @~ pairs

2K Associated ete~ pairs (WAS) | Observed number | Estimated contamination
(GeV) Observed Corrected of W rU" pairs from WAS
1.5 3197 3385 26+5 3.5
1.9 1572 1625 7+2.6 1.0
2.1 3643 3795 12+3.5 1.0
2E Actual number of WF T~ pairs (“\.+ﬂ,' (jV+TL'

(GeV) Observed Corrected et - ‘observed et e- corrected

(x103) (x102)
1.5 22.5 93 7,0+1,6 2.7+.6
1.9 6 27 3.841,7 1.6+.6
2.1 11 50" 2.0+1.0 1,3+.4
A
T+ 7(x102) aold data (1970)
ere- ] (2E=I.5+2.4 GEV)
34
present data [e cofrected valve
s (1870+1971) Lo uncorrected value
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II. - RESULTS ON MULTIHADRONIC PRODUCTION, -

Our present evidence of multihadronic production is based on
about 200 events.

The observed multiplicity distribution of these events, divided
in three energy groups, is reported in the Table III. In this table we
have also reported the frequencies of the different types of events
(2,3,4 track events) relative to the associated WAS events and the
numbers of events divided by the corresponding time-integrated lu-
minosity,

From the definition of luminosity, it follows that these ratios are
proportional to the corresponding cross-sections, We note that these
ratios decrease (by a factor 2-3) in going from 1,5 to 2,0 GeV, For a
detecting efficiency roughly constant with the total energy, this result
would indicate a total hadronic cross section which decreases with
increasing total energy.

The following discussion, which is made up of two partis,will be
based essentially on events with 3 or more tracks,

II,1.,- Some results on the production mechanism of
multibody events, -

One of the problems to be solved is the mechanism by which
hadronic events are produced, Until now, all observed angular distri
butions are consistent with isotropic emission and, therefore,
with the predictions of a statistical model (SM))such as that proposed.
by Bjorken and Brodsky(7), We shall see, however, that the overall
data collected in our experiment cannot be interpreted in terms of
the statistical model alone

In Fig. 3 the distribution of the non collinearity angle (4 0), for
two-track events, is compared with the predictions of the SM, In Fig.
4 the distribution of the angles between any two tracks of three-track
events is compared with the prediction from the SM and also from a
quaii-two—bodg fifal_sfcate, involving the AT system(x) (i.e, ete~=
= A7 w¥ -> W= W T"), In both cases the results are consistent

with the SM predictions,

However, the 4-track events give angular correlations which
cannot be explained by the SM alone, In fact, the frequency of the

(x) - This possibility, which has its relevance in the existence of
decay Aj = 87, has been considered in several theoretical
papers(gi
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symmetric track configurations (i.e. 2 tracks on each telescope) is
larger than expected from the SM as shown from the data given in
Table IV,

TABLE IV

Number of events witha (3/1)configuration
Number of events witha(2/2)configuration

4-Tracks events configurations:

Expected value T
2B (GeV) Experimental Statistical model L ?F{X)
value ' o o AT
4Ch+(0-1)w° | 4Ch+2w® | 6Ch 1
1.5+2.4 .13+.06 (34 ev) .4 1 1 .1

In this table are reported the ratio between number of events
with a 3/1 configuration (asymmetric configuration) and of events with
a 2/2 configuration (symmetric). It appears that the experimental value
may be Dbetter explained by the inclusion of the A% channel,

Furthermore, if one régtains. the SM, the data of the table in-
dicate that the processes in which 6 pions are produced are unimport
ant, h

Indications against a dominance of channels with six pions (char
ged or uncharged) come also from the following facts:

1) - the small observed number of events with 5 prongs. Only two
events were observed and they yield @ (eF =3’ +3 TeT)= 21nb;

2) - therelative frequency of 3-prong to 4-prong events, which is
higher by a factor ~3than expected,assuming that the 6-body
channel is dominant. Also this result could be better explained
with the inclusion of Al“m (or similar processes);

3) - the frequency of e, m, showers present in the 3 or 4-prong evenis,
which can be aseribedto YLO's, is smaller that expected from
channel ete ™ (2Tt +2 10 +27°),

Most of the preceeding conclusions arenotsgostrongly dependent
on the absolute values of the detection efficiencies, as are those re-
ported in the following section.

(x) - In this calculation the Aj was assumed to decay in a statistical
way (into three pions]),
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I1.2,- Evaluation of cross sections. -

From the observed 3- and 4-track events we have calculated
the cross sections for the processes:

+ - ~

(3) e e =2 'r€+2 1Y

(4) ete =g+ -+ TLO
(5) e"‘e— =A'_]*.;’ 0+ W'I",O

We have assumed that only one reaction at a time was responsible for
all of the observed events, so that the calculated values have to be re
garded as upper limits for each channel., The results are reported

in Fig. 5.

The efficiencies of the apparatus for the different reactions,
used to derive the cross sections of Fig, 5, have been computed (by
a Montecarlo calculation) in the hypothesis of a statistical production
mechanism (isotropy, phase-space momentum distribution) for (3),.(4),
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and assuming for reaction (5) that:

A'l -5 2ol +2 70
A -3 11
1 a

= 1

Channel (2= 7+ 2T~ + 2°) has not been considered because it appears
to be unimportant as mentioned above, The cross section for 6 charged
pions is derived from the two 5-track events which were observed,

From Fig. 5 we see that in all cases the upper limit of the
cross section for each channel clearly decreases in gbing from. 1.5 o
2,0 GeV. Obviously in order to obtain the true energy variation of
the multihadronic cross sections, we should know the relative weight
of the different channels at each total energy, This analysis is now
in progress,

The values reported here for the cross sections are, clearly,
model dependent., Nevertheless, at 2E =2 GeV, for any choice of the
relative percentage of the various channels, the cross section for
multihadron production (with 4 charged pions) is about 15 nb.

In summary the conclusions of our present analysis on multi-
hadron production are:

1) - in the total energy range 1.5+ 2.0 GeV the contribution from pro
cesses in which 6 pions are produced seems to be Small;

2) - the upper limit of the cross section for each separate channel
(4 charged W, 4 © +1 ©°, A1 TC ) decreases with increasing total
energy;

3) - the cross section for multihadron production at 2 GeV is ~ 15 nb and
almost model iridependent ;

4) - some results are not explained if we assume that a statistical me-
chanism alone is operating, These results can better be explained
if we assume that also a quasi-two-body reaction, like the ete™-»
— Ath s 1s present,



13,

REFERENCES, -

(1) - G. Barbiellini et al,, Frascati report LNF-70/38 (1970); 15th 1nt,
Conf, on High Energy Physics, Kiev (1970).

(2) - G. Barbiellini et al., Physics Letters 35B, 340 (1971).

(3) - Frascati~-Roma-Padova-Maryland Collaboration, Production of
multibody events by e*e” colliding beams, Invited paper by M,
Conversi to the Meeting of the European Physical Society, Bo-
logna (1971),

(4) - G. Barbiellini et al,, Muon pair production by electron-positron
collision in the GeV region, Lettere Nuovo Cimento (in press),

(5) - D, H, Stork, Phys, Rev. 93, 868 (1954); A, E, Ignatenke et al,, Sov,
Phys. -JEPT 4, 351 (1957); J.C.Caris et al., Phys. Rev, 128,
295 (1962); M, Cruzon et al,, Nuclear Phys, 64, 567 (1965); J. W,
Cronin et al,, Phys, Rev, 107, 1121 (1957),

(6) - 5. J. Brodsky et al,, Two-photon mechanism of particle production
by high energy colliding beams, Report CLLNS-152 (1971); See this
report for previous references,

(7) - J.D.Bjorken et al,, Report SLAC-PUB-662 (1969),

(8) - See for example: J, Layssac et al,, Report PM/71/2 (1971),




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


