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We study the behaviour of the w-residue functions in kaon-nucleon elastic scattering using the "finite
energy sum rules" technique. We find that both spin flip and non spin flip w-residues show a zero near
t ~ -0.1(GeV/c)%: this is in agreement with the usual explanation of the crossover phenomena in KN

and NN elastic scattering, but in contradiction with the behaviour of the w-residue functions deduced
from other reactions.

Recently the Regge pole model experienced some difficulties in connection with the so called "cross-
over phenomena" [1-3] in the elastic scattering 7%p, K¥p, pp and pp.

In fact these phenomena have been explained by Phillips [5,6] and Rarita assuming that the w and p
Regge pole residue functions vanish at the cross-over point £ = {.. However it has been shown that the
amplitudes O{ A} characterized by Regge poles with odd change conjugation in the crossed channel [3],
do not vanishat £ = £, in the reactions 7 + N —p + N [7] and ¥ + N — 7 + N [4]. Moreover for the photo-
production reaction it has been shown that the w exchange gives the only important contribution to
O{)\} (I=0). This implies that, if the interpretation of the crossover phenomena is correct (i.e. vanish-
ing of O 7\}) and if the w exchange gives the only important contribution to O{)} in nucleon-nucleon
scattering, the factorization breaks down and, with it, the predictivity of the Regge pole theory. In or-
der to avoid this unpleasant situation, Barger and Durand [2] have speculated about the possible exis-
tence of additional @ contributions.

In this letter we shall study the crossover problem in K-N scattering, using the "finite energy sum
rule" approach [8-10]. This technique enables us to study the spin flip and non spin-flip residue func-
tions as a function of #, relating them to low energy integrals.

The same technique has been used by the authors [3] in order to study the behaviour of the w residue
functions in 7° photoproduction: these functions do not present any zeroes at £ = {,, contradicting, in a
striking manner, the usual explanation of the crossover phenormena.

Only the w exchange in the crossed f-channel contributes to the amplitude

My, (v, t) = 2[MEK p—K p) + MK 'p—K*p) - M(K'n—K™n) —M(K+n-—’K+n)] s

where v = w + /4mp, w being the energy of the incident K meson in the laboratory system. At asymp-
totic energies we assume that

Im Ay, 8) = (20 + DSA (@) (CWO/my) G/m®0® ®

ImB,, (v, 1) = Splay,) DB/m2) /im0, (2)

¥ A(v,?) is the non spinflip amplitude, which Singh call A' [11], S4 and Sp depend on the behaviour of the w trajec-
tory near the nonsense point &y = 0: if the w "chooses sense" Sa(@) = 1 and Sg(@) = a, if it chooses nonsense, as
recently suggested [3], Sy(@) =~ Sp@) ~a.
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Taking into account the crossing properties one has the following sum rules

wA 9 1 B+t
21 f ImA (v, Hdw = (szﬂﬂf_w) c@) (MN) ) (3)
2memy o 2rémp(ay,+1) mK
W S /4 au)(t)-l-l
m—I\; f A v Im B,y (v, Hdw =M D(t) (M> : (4)
21% o 21%a g, +1) m

Extracting the pole terms and assuming that the amplitudes are dominated by the Y;(IélOS) and YI(1385)
from the (A7) to the physical threshold, one has:

1,88\ 1 3 8%\ 1 L 88 5 &%\ 1
- (=) — 2(2=y £ ) * S 1} 1 *
4 (47r mI%X_(A,t)+4 (47r m% X_(Z,t)+4 <g4ﬂ) ml% XJF(YO,L‘)+4 yo mi%Z(Yl’t)Jr )
WA (2, +1)S4 (@) wa +1/ 4y LB+l
+ 21 - f ImA, v, H)dw = 2(0 A C(t) ( A N) ,
21°MN my 2n%m (o, +1) mK
and
2 2 2
1 (8A 3 /8% 1 /8Y5
1 Gr) 0+ () v20 5 (52) vz
3 (2% . {ny+ my)? - mEH (my - my)® - i - 2mgmey 3 .
= 1
(=) ”Yl(f)[ o + } + (6)
Y
1
my PA mpSpla) WA+ dmyg | LB+
+—£2f vIimB, (v, )dw = 2N B ( A N) w ,
27 myg 20%a, + 1) myg
where
VI’Z%-WZI%]’- m12{ t vy
VY(t) = sz + 4WZN and X:.:(Y, t) = imY +mrq + mg ,

and Z(YI, t) can be found in ref. 12 where sum rules similar to ours have been used to investigate the
behaviour of the Ag trajectory near the nonsense right signature point « Ay~ 0. The integrals have been
evaluated in the narrow width approximation, that gives

el.
WA 1
21 f ImA (v, f)dw =1—2 ]ZZ> icgi_gi X
21°mN my SmN b ql:!: M

2 21p! ) 9.
X {X+(Mli’ ) [(Ml:f: - mN) - mK]Pliﬂzl(cos elzl:) -X-(Mli’ t)[(MZ:]:+mN) - mK]Pli(COS el:b)} ,

wA
——I\;f vImB,,(v,t)dw =
27 myg

(8)

Flel.
=13 Lote

t 2__ 215 2 2.0
= 5, ql3 (wli+%>{[(Mli—mN) -mig] Py 41(cos 6p ) - [(My +mN) —mK]Plﬂ:(coseli)} )
+
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where the usual notation has been used. The coefficient Céi is equal to —; for I = 0 and to %for I=1, The
derivatives of the Legendre polynomials are to be evaluated at cos 07, =1+ z‘/2qlzi » 47, being the c.m.
momentum at the resonance energy.

For convenience the choice w4 = 2 GV has been made: some arguments which show that this can be
a resonable value have been given in ref. 12.

Various ambiguities arise in the evaluation of the sum rules (5) and (6). Let us discuss them sepa-
rately.

1) The coupling constant g and gs. Although many investigations [13] have been devoted to them,
they are still practically unknown. A recent analysis by Kim [14,15] appeared to clarify the situation,
showing that both gy and g5, are in agreement with the SU(3) predictions. However very recently [16]
some arguments have been presented to show that both the constant scattering length [17] and the £-ma-
trix approach [14] give values incompatible with SU(3) invariance. In view of this uncertainty we evalu-
ated our sum rules in the two cases

a) Zovko values [13]: gR /4r = 6.9 + 2.9 and g3 /4r = 2.1 £ 0.9

b) Kim values [15]: g5 /47 = 16.0 + 2.5 and g& /47 = 0.3 £ 0.5.

2) The Y§(1405) coupling has been evaluated using the constant scattering length approximation, ob-
taining g%’(ﬂ) /47 = 0.32 [18]. Fortunately however the YE’; contribution is so small that a variation +100%
of its coupling constant would not produce significant variations of the results.

3) The YI(13¢85) has been shown [14] to be mainly a 7A scattering resonance and its coupling to the
kN channel is extremely weak. In the following we shall take gy* = 0.

4) The resonances parameters have been taken from the Rosenfeld tables [19]: only the firmly es-
tablished resonances have been included: this point will be discussed below.

The results obtained with these data are shown in figs. 1 and 2 for both case a) (Zovko values) and b)
(Kim values). Fortunately the qualitative features of the results are not too different in the two cases.
In case a the left hand side of the sum rule (5) changes sign near ¢~ -0.09 (GeV/c)2 and £~-0.9 (G‘reV/c)2
and of the sum rule (6) near £ = -0,11 (GeV/c)2 and # ~ -1.2 (GeV/c)2. For case b these zeroes respec-
tively at the poigts ¢ ~ -0.1(GeV/c)2, ¢ ~ -0.8(GeV/c)2 for the sum rule (5) and £ ~ -0.11 (GeV/c)2,
it~ -1.2 (GeV/c)2 for the sum rule (6). Moreover from fig. 1 we see that the predictions obtained from
the sum rule (5) are in qualitative agreement, for ¢ 2 -0.7 (GeV/c)2, with the results obtained using the
nonflip parameters of the w pole given by the high energy fit by Phillips and Rarita [5]. As general
feature of these finite energy sum rules we wish to remark the excellent agreement between the high
energy parameters fitted by high energy data and those obtained by the low energy structure. Therefore
the finite energy sum rules seem to be a very powerful approach in order to study the high energy
structure of the strong interactions when phase shift analysis in the 2 to 4 GeV/c region become available
[e.g. 20].

From fig. 2 we see also that the w exchange gives rise to a non negligible spinflip amplitude: up to
now the high energy phenomenological fits were unable to establish this point [e.g. 20]: in fact the w-
exchange spinflip amplitude was neglected in ref. 5.

Let us at first consider the zeroes in the A, and B, amplitudes near £ = -0.1 (GeV/c)2 under the
usual assumption that the w exchange gives the only significant C = -1 contribution. The zero in Ay, is
in perfect agreement with the explanation of the crossover in kN and kN scattering. A zero in B is to
be expected if the explanation of the crossover in pp and pp is correct and the factorization theorem
holds. However these results are in contradiction, via the factorization theorem, with the behaviour of
the w residue functions that has been found in other reactions [3,7].

We consider now the zeroes near £ = -1 (GeV/c)Z: such zeroes could be associated with the vanishing
of the trajectory, provided that the w is nonsense choosing [3] at the wrong signature point @ = 0. How-
ever these zeroes occur at values of ¢ rather different for the A and B amplitudes and these values of
lti are rather large to be associated with the vanishing of the w-trajectory. If this displacement is not
merely a third double spectral function effect [21], and if these zeroes at large values of | | can be
taken seriously, they could suggest that, beside the w exchange, other contributions, poles or branch
cuts, are important.

Finally, we tried to check how these results depend upon the possible neglect of some still undis~
covered direct-channel resonances. To this end we have included three more resonances ¥ whose param-

¥ We included two resonances %Jr, respectively with I =0 and I = 1, which are supposed to belong to an unitary octet
and one resonace 3 with 7 =1 supposed to belong to a decuplet.
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hand side of eq. (5) using for g Ahand &y, Zovko's and Fig. 2. The curves Ia and Ib are the plots of the left-
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fitted by Phillips and Rarita in ref, 5.

eters have been roughly extimated assuming SU(3) invariance. The qualitative features of our results do
not change much: this seems to suggest that our results are of general validity, although the saturation
procedure we used is admittenly rather rough.

The conclusions of this work are thus rather unpleasant. The various open possibilities appear to be
the following:

1) additional singularities are present in the complex J-plane. Some new @ [2] contributions, in the
form of a new pole or of a cut, are needed at least in kaon-nucleon and nucleon-nucleon scattering.

2) the factorization theorem does not hold, perhaps because absorptive corrections are important.

It is a pleasure to thank prof. L. Bertocchi for the critical reading of the manuscript and prof. N.
Cabibbo for some useful suggestions and discussions.

References

1. R.J.N.Pnillips, in: Proc. of the Heidelberg Intern. Conf. on Elementary Particles (North-Holland, Amsterdam,
1968) p. 442,

2, V.Barger and L. Durand, Phys. Letters 19 (1967) 1295.

3. P.Di Vecchia, F.Drago and M. L. Paciello, University of Rome, preprint no. 150 (1968).

4. M.Braunschweig, W,Brauns¢hweig, D.Husmann, K, Liilbelsmeyer and D. Schmitz, Single photoproduction of
neutral T-mesons on hydrogen at small angles between 4 and 5.8 GeV: preprint prespnted to: Heidelberg Intern.
Conf. on Elementary particle physics, October 1967,

5. R.J.N. Phillips and W,.Rarita, Phys. Rev. 139 (1965) B1338.

533



Volume 26B, number 8 PHYSICS LETTERS 18 March 1968

6. W.Rarita, R.J,.Riddel, C.B.Chiu and R.J. N, Phillips, University of California Radiation Laboratory Report,
UCRL~17523 (1967). Additional references are given in this paper.

7. A.P.Contogouris, H.J.Lubatti and J. Tran Thanh Van, Phys. Rev. Letters 19 (1967) 1352.

8. K,Igi and S.Matsuda, Phys. Rev. Letters 18 (1967) 625.

9. A.A,Logunov, L,D.Soloviev and A.N. Tavkhelidze, Phys. Letters 24B (1967) 181.

0. R.Dolen, D.Horn and C.S8chmid, Phys. Rev, Letters 19 (1967) 402;

R.Dolen, D.Horn and C. Schmid, Preprint CALT-68-143 (1967).

11. V.Singh, Phys, Rev, 129 (1963) 1889,

12. S.Matsuda and K. Igi, Phys. Rev. Letters 19 (1967) 928.

13. M. Lusignoli, M.Restignoli, G.A.Snow.and G. Violini, Phys. Letters 21 (1966) 229; Nuovo Cimento 45A (1966)
792;
N. Zovko, Phys. Letters 23 (1966) 143. And many other.

14. J.K.Kim, Phys. Rev. Letters 19 (1967) 1074.

15. J.K.Kim, Phys. Rev. Letters 19 (1967) 1079.

16. A.D.Martin and G.G.Ross, "A prediction for the AKN and Z'KN coupling constants from a finite energy sum
rule", University of Durham preprint.

17. J.K.Kim, Phys. Rev. Letters 14 (1965) 29;
M, Sakitt et al., Phys. Rev. 139 (1965) B719.

18. R.L,Warnock and G.Frye, Phys. Rev, 138 (1965) B947,

19. A.H.Rosenfeld et al., Rev. Mod. Phys. 39 (1967) 1.

20. For example see the V,Barger talk at the "Topical Conference on High Energy Collisions of Hadrons", CERN,
January 1968.

21, S.Mandelstam and L. L., Wang, Phys. Rev, 160 (1967) 1490,

K ok ok ok ok





<<
  /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


