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G. Barbiellini‘") and S. Orito(®). AN EXPERIMENTAL POSSIBILITY
TO DETECT THE HIGHER ORDER ELECTROMAGNETIC PROCES-
SES AT ADONE(x)

To detect the almost real yy collisions, we propose to
install a tagging system utilizing the bending magnets of ADONE. A
main purpose is the experimental check against the contaminations
on the ly (annihilation) processes coming from the higher order elec
tromagnetic reactions such as ete = e+e'e+e‘, ete- ptu or
e*e"e’ee*e”. The system also allows us to investigate the hadronic
2y processes such as ete~=» ete- 5Tn- or the production of ¢ = +1
resonances like ete = ete- /', Furthermore it is possible by this
scheme to get a clean identification of the radiative vector meson
productions,

1. - PURPOSES.

1.1. - Contamination on annihilation processes.,

Fig. 1 shows possible diagrams of the higher ordeér electro
magnetic processes in the e- collison, Recent calculations(l, 2, 3, 4)
show relatively large cross sections of these 2y and 3,, processes al-
ready at GeV region. This implies a possibility to investigate the al-
most real yvy collisions by using the existing or coming e~ colliding
beam machines,

(x) - Invited paper to the Intern. Conf. on Meson Resonances and Re
lated Electromagnetic Phenomena, Bologna (April, 1971),

(+) - Present address: CERN, Geneva (Switzerland),

(o) - University of Tokyo, Tokyo (Japan); Present address : CERN,
Geneva (Switzerland),
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FIG. 1 - Higher order electromagnetic processes in et

sion,
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At the same time, it also indicates some danger of conta-
minations coming from these 2y (or 3v) processes on the ly (annihi
lation) processes, For example, the 2y process ete —» ete™ ptu-
is expected to have a total cross section of 70 nb at beam ener %y of
1.5 GeV. This contributes to an effective cross section of 2 nb{d ) for
the muon pairs with each kinetic energy larger than 150 MeV to be
detected by a wide angle detector covering 0 = 90° T 40°, A¢/2« =
= 0. 8(5), About 10 % of them (effective cross section of 0.2 nb) will
give the collinear track within T 59, In the same way, we expect a
cross section of 0,3 nb'®) for the collinear e¥ with each kinetic ener

gy larger than 150 MeV coming from the 2v process ete > ete~ete,

These values are appreciably large if compared to the cor
responding effective cross section of 0. 4 nb expected for the annihila
tion process eTe”—» x'n” 6) 1t should be noticed that there exist s§
me difficulties, in most of the detectors being used at ADONE, to di-
stinguish these low energy muons or electrons from the pions, For
the complete rejection of such contaminations, a clean experimental

identification of the 2v (3v) processes would be valuable,

1,2, - Hadronic 2y processes,

The investigation of the hadron production by vy collision
is extremely interesting in itself, since essentially no experimental
information is available at this moment, For the reaction ete™—>
— ete nTn™, a total cross section of 4 nb is expected at beam energy
of 1,5 GeV (assuming the point like pion), This corresponds to an ef-
fective cross section of 0.1 nb for the pion pairs with each kinetic
energy more than 150 MeV to be detected by the wide angle detector
covering(®) 0 = 900 *+ 40°, A@/2w = 0.8. This will give about 20
events for 100 days assuming an average luminosity of 10%2¢m=2pr-1,
It would be also worthwhile to notice that some calculation(7) give
even twice as large cross section as for the point like pion due to the
hadronic corrections,

Other hadronic processes which can be investigated are the
production of ¢ = +1 resonances through vy COl].lSlon For example,
the cross section for the reaction ete™—» ete~m' (960) is expected



to be(4) 1.2x1073%¢cm? (KeV)“1 [ 2y at beam energy of 1.5 GeV
where (" 2vy is the 24 decay width of the resonance. Putting the bran
ching ratio P2y/I* = 0. 1(8) ang the upper limit 4 MeV for the total
width M, we can get a cross section of 5 nb, which results into an
event rate similar to the ete™—» eTe " zTn~ . Therefore, we have a
good chance, at least, to reduce the upper limit for I" by a factor 10,

1, 3. - Radiative production of the vector mesons.

Recent calculation by Carlo Bernardini(9) demonstrates a
cross section of 1~ 10 nb for the reactions ete~— py, w v, fv. It
would be interesting to detect this kind of events.

2. - EXPERIMENTAIL METHOD,

A characteristic kinematical feature of the 2v (or 3y) pro-
cesses is the extremely small angle (typically an order of mrad) bet
ween the surviving e- and the beams, In order to tag the almost real
v's by these forward-going ei_, we propose to use the bending magnet
of ADONE as the momentum analyzer,

Fig. 2 shows the experimental arrangement, which consists
of two scintillation counters (Fy, Fy) inside the magnet, two lead glass
counters set at zero degree (71’ 'yz) and a wide angle detector (W),
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FIG. 2 - Experimental arrangement,
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The ef which has lost the energy by the irradiation of al-
most real photon travels essentially in the beam direction, passing
through the quadrupole magnets, swept out by the bending magnet of
ADONE, and is detected by the scintillation counter inside the mag-
net, The scintillator will be 2, 7 m long, 7 cm high, 3 cm thick,
viewed by two photomultipliers from both sides, The time differen-
ce measurement between the tubes gives us a position accuracy of
t 5 ¢m, which corresponds to a momentum accuracy of T 29, The
small but non-zero angular spread of e~ causes a slight difference
of orbit even for the same momentum. Considering all these, a typi
cal momentum accuracy is estimated to be of t 39,, The momentum



range covered is between 0.2 and 0. 85 E, where E is the beam ener-
gy. The range can be extended up to 0. 9 E by adding a small counter
at the exit of the magnet,.

For the wide angle detector, any apparatus existing or being
prepared at ADONE can be used, although a lower threshold energy
for the trigger and a larger solid angle is preferable,

Block diagram of the logic is shown in Fig, 3, We take the
coincidence F17; Fy7, 2W for the 2y (3y) processes. The coincidence
requirement for the forward going e~ will be necessary for the clean
identification of the events., The background will mainly come from the
beam e’ which loses energy by the real bremsstrahlung with the resi-
dual gas. This contribution for the accidental rate is expected to be
about 1% for the normal operating condition of ADONE( 0), The anti-
coincidence requirement for the lead glass counter <y or yo will fi-
nally avoid any ambiguity coming from this kind of backgrounds,

For the 2y — 2 body processes such as ete” = e"'e'n+1r",

approximate coplanarity can be used for the identification.
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The invariant mass M and the velocity /3 of the 2y system
are well determined from the measured momentum of the forward
going et Typical accuracies are AM =T 40 MeV and A/ =T 0,07,
This also serves a kinematical constraint for the angle and energies
of the two final state particles, The resonance production by 2y pro-
cess would be clearly recognized by the peak in the invariant mass,

For the radiative production of the vector mesons, we re-
quire the logic signal VJLWF] or 'yzWE:z. The anticoincidence require-
ment for F; and F, will be essential since otherwise the accidental
rate would be as high as 10 %(10) which mainly comes from the beam
gas bremssirahlung, The energy of the y-ray can be measured with
an accuracy of T 10%, which will be sufficient to identify this kind
of event through the kinematical constraints,

3. - INSTALLATION,

Fig. 4 shows the position of the scintillator inside the mag
net, For the installation, the vacuum pipe has to be taken out, This
can be done during the shut-down of ADONE scheduled from mid-
~-March of this year for about one month, No significant difficulty is
foreseen, The scintillator can be ready mid-March, and the test with
the electron beam will be finished before the end of March,
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(10) - We assume the beam intensity 50 mA (10 partloles c1rcu1a-

ting), lifetime of 3 hours. The loss rate is ~ 1011 /10 sec ~
~ 10" sec. This corresponds to 1 particle lost per bunch per
turn, Since our tagging system is looking about 10% of the whole
circumference of ADONE, we expect 0.1 background for each
bunch for each tagging system, that means 10% accidentals for
each wide angle event, Requiring the coincidence for the two
forwardgoing ef, the accidental rate is expected tobe 0.1 x
x.0.1=0.01,

A magnetic analysis of the forward ete- in ADONE has also been sug-

gested by another group of Adone (yy group) which has done some pre-
liminary measurements looking at 0, 9 E electron or positron in coin-

cidence with the angle apparatus, At DESY, Kessler and a DESY group
have also studied the way to detect the forward scattered electron and

positron,




<<
  /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


