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ABSTRACT
We discuss the probability of the semi Pontecorvo reaction p >He —7tpp at rest and relate it

to the admixture of 6q-bag in 3He. According to our estimation, we find a branching ratio
B (p *He—7npp) = (1+4)-1075, for stopped antiprotons.

(*) Permanent address



Tt was foreseen that some part of its operating time the OBELIX detector at LEAR [1] will
use nuclear targets. Among the most non trivial channels of p A annihilations there are reactions
with one or zero mesons in the final states. These Pontecorvo reactions [2] can not be realized on a
single nucleon and two or more nucleons of a nucleus should be involved into annihilation
process.

The reactions of two—body antiproton annihilation in deuterium were discussed in different
approaches in refs. [3 + 5]. As it was stressed in [3], Pontecorvo reactions are sensitive to the
small internucleon separations in nuclei, where the quark degrees of freedom may play an
impoftant role.

In our recent paper [6] we discussed the probabilities of the Pontecorvo reactions

pd—>7p (1)
P *He—>pn @)

at rest and related them to the admixtures of multiquark states in deuterium and helium -3. As the
amplitudes of reactions (1) and (2) are sensitive to the small internucleon separation, the approach

of the reduced QCD amplitude [7] was used for their analysis (see also ref.[8]). We have found
rather small ratio of the probabilities of reactions (2) and (1): R= 0,/0; < 10~3. This prediction

means that, taking into account the experimental value for reactions (1) (1.440.7)-107 (ref. [9])
at rest, the branching ratio of the reaction (2) is very small, B, = 10-3, and it cannot apparently be
detected using the p beams available now. Such a small value of B, can be explained by the fact

that the reaction (2) can proceed only when all three nucleons in 3He are overlapped forming a 9q-

bag.Therefore the probability of the reaction (2) is proportional to the admixture of 9q state in
He.

In this paper we consider the semi Pontecorvo reaction
p *He—npp . C))

at rest, which involves at least two nucleons in *He.

Let us consider the Pontecorvo reaction
p.d'—7p ' 4)

where antiproton annihilates on a correlated (pn) pair in >He, which we call as quasideuteron .d’
(see Fig. 1a).

According to refs.[6,8] the amplitude of reaction (4) is proportional to



va 0=Janq [Py )
e Ek

where y 4" (k) is the wave function of the (pn) pair in the momentum representation, m is the

m . L . .
nucleon mass, €,= (m*+k?) 1/2, The factor 4 [ — is due to relativistic corrections and will be
£
k

ignored in our estimations.

p

‘He

FIG. 1 - The graphs describing the semi—
Pontecorvo reaction p >He—npp: annihilation
of antiproton on two nucleons (a) and on the

6q-bag (b).

Let us consider the ratio of the probabilities of reactions (4) and (1)

wd 2
Oy l v eff (0) |

01* | \V((iaff(o)lz

(6)

‘The value of | deetf ()] |2 which was found in ref. [6] using the experimental data [9] on the
branching ratio B (p d—mnp) at rest is equal to:

| W(:ff (0) |2 = (1+3)- 10-5 GeV? o 7

This value agrees fairly well with the prediction of the hybrid model of deuteron (see e.g.
ref. [10] where the nucleons inside deuteron fuse into 6¢q-bag when they are at the distance 1 < T,



™ ©12=Py | wy ) 12= (2.6+6) - 1075 GeV? @)

for r = (0.7 + 1.06) fm.

The quantity (8) was found considering the Gaussian parametrization of two-baryon
component of the 6g-bag :

g @ = (V1 )32 exp (-12/2b2)

b= ,83_ 6qrms (9)

To find the ratio 6,/0, between the probabilites of reactions (3) and (1) we shall use the
hybrid model of *He considered in refs. [11,12]. When the critical distance between two nucleons
in 3He is equal to r_=1fm, the 6q-bag admixture in *He was found to be

P g, = (6+ 8)%. . (10)

The differential cross section of the reaction (3) can be written as

d5c do > p"d.
— = 2P, ——— |y ( |2 1)
dgnd3psp 6q dﬂn W psp)

where l\]l (psp) | 2 describes the relative motion of 6qg-bag (dinucleon) and a spectator, and the
factor 2 counts the number of (pn)—pairs in *He.

The reaction (3) will have a rather distinctive momentum distribution of the 3 charged
particles in the final state: a fast proton and a 1 ~ with momenta about 1.2 + 1.25 GeV/c, flying
almost back to back and a slow proton spectator. Integrating over the spectator momenta we find
for the ratio of the cross-section ©; and o,:

o P d
2= 258 (9 P =243, (12)
o B 1o He

Atrest By = (1.4 +0.7)-107 (ref.[9])
Therefore we get

G inet (PD)

B, = (1.5 +6) -107 —
? Ginel (P *He)

(13)

where o, , (pd) and ©,_, (p *He) should be taken at the same p lab momentum.
(@d) /o, ., (B He)=2/3, we find the value

me

Taking o,

me



B, = (1+4) -10-5 (14)

which is quite feasible to be measured at OBELIX.

The measurement of the probability of semi-Pontecorvo reaction (3) would give new
interesting information on short range structure of 3He and in particular on the probability to find 6
quarks in He overlapping in a volume comparable with the confinement radius. Note that the
reaction p .d —mpis essentially different from the pion absorption by a pair of nucleons at rest.
Firstly, the energy which is released after annihilation is much larger and, secondly, QCD
dynamics of those reactions are expected to be very different, as the pion is a Goldstone particle.

Among the next steps, it would be very interesting to study semi-Pontecorvo reactions with
strange particles:

p3He — K°Ap (15)
piHe » KT p (16)

as well as energy and angular dependence of the Pontecorvo amplitudes. One can think that this
investigation might reveal new interesting phenomena important for better understanding of QCD
dynamics of multiquark systems.

REFERENCES

1) OBELIX Proposal (R. Armenteros et al.), CERN/PSCC 86/4 , PSCC/P95, Geneva 1986.

2) B.M. Pontecorvo, ZhETP, 30 (1956) 947.

3) L.A. Kondratyuk and M.G. Sapozhnikov, Phys. Lett. 220B (1989) 333.

4) E. Hernandez and E. Oset., Nucl. Phys. A494 (1989) 533.

5) J. Cugnon, J. Vandermeulen, Phys. Rev. C39 (1989) 181.

6) L. Kondratyuk and C. Guaraldo, Frascati Report LNF-90/042(P), (1990).

7) S.J. Brodsky, Proc. of the First Workshop on Antimatter Physics at Low Energy, ed. by B.
Bonner and L. Pinsky (FNAL, Batavia 1986) p. 131.

8) L. Kondratyuk, C. Guaraldo, Preprint CERN-EP/89 — 122, Geneva 1989 (unpublished).

9) ASTERIX Collaborations (J. Riedlberger et al.), Phys. Rev. C40 (1989) 2717.

10) L.A. Kondratyuk, M.G. Schepkin and M.I. Krivoruchenko, Nucl. Phys. A473 (1987) 736.

11) G. Karl, G.A. Miller and J. Rafelski, Phys. Lett. 143B (1984) 326.

12) Y.E.Kim, Kr. T. Kim and R.A. Brandenburg, Phys. Lett. 160B (1985) 231.





<<
  /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


