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Photoproduction of neutral non strange 0~ mesons is considered in the framework of Regge theory. Sym-
metry relations between coupling constants are widely used. The results are in good agreement with the

available experimental data.

Recent measurements [1] of photoproduction at
high energy stimulated the application of the Regge
pole theory to this problem [2-4]. In particular the
70 photoproduction has been considered in ref. 2,
in which the contribution of the w pole to the
Reggeized CGLN invariant amplitudes [5] is cal-
culated. The authors, assuming for the w trajec-
tory the same as for the p, fit their results to the
experimental data; moreover for E71/ =2 GeV
they introduce a direct channel resonance obtain-
ing a better agreement at larger momentum trans-
fer.
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Fig.la, d0'/d|t| for v+ p —p + 7° as a function of ~¢.

The X° photoproduction has been treated with
Regge poles by Drechsler [4], considering only
the contribution of the p trajectory in the crossed
channel.

In this paper we present an analysis of the
process

y+p 2M%+p, (1)

where M° can be 79, 1° or X°. Our aim is to
show that, introducing the p and w trajectories
in the crossed channel and assuming suitable re-
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Fig. 1b. Integrated 7° photoproduction cross section for
|t]'< 0.5 Gev2.
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Table 1 Table 2
_ X0
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s 1 p° ! g | V3(cosa+ V2 sen a)g V3(V2cos @ - sena)g
1 =
1 _.__I‘Lg‘é 1+ Wz_t_z) (%-) 2 \/_ (1 + PV t<q>
i
67v2 w° | 3¢ \/‘!“(cos a+V2sena)g \/-l(\fz CoS @ - sen Qg
3 3
-1 u,gVJVI 14 7Y vt gk M2 a+ )\ft For the W-¢@ mixing angle we assumed cos A =V 2/3,
( )(——)2 671\/2 Y] ( sen X =1/+3; @ is then - X° mixing angle: using the
7 Ggll—Mar(l)n/Okubo mass formula and the actual mass of
gv{gT) = electrical (magnetic) nucleon vertex coupling 7° and X°, one gets: cos @ = 0.98, sena == 0.18.

constants for vector exchange, y= (gT/gV).
U = transition magnetic moment.

lations between the quantities involved, it is pos-
sible to reduce greatly the number of parameters
in Regge pole phenomenology. The results so ob-
tained are in good agreement with the available
experimental data.

The Regge pole contribution to our process can
be calculated using the helicity representation
[6] * in the #-channel p + P — MO + v together with
crossing relations [7]. It can be shown that the

* Qur normalization convention here is different from
that of Jacob and Wick [6]. The two are related by

qu;vp @/a"%

T T
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contribution of a Reggeized vector meson to the
helicity amplitudes, for azimutal angle equal to
zero, is given by [7]

t_ 120 ron+1] x
HE 4(qq')z 3 ] @)
1-exp {ira (8)} >a(t) ~oz(t) (~2)
sen7a(f) M,u.u A-X T ’

where ¢,q' = initial, final momenta in the crossed
channel ¢. m. system, 2z = cosf,, a(f) = Regge tra-
jectory, M =nucleon mass. The c?aafunctions in
eq. (2) are not the ordinary reduced rotation ma-
trices, and are defined in ref. 7.

The momentum transfer distribution for the
process (1) is then

pe [,ub] T T T T T T T
ro1s E

1 2 3 4 5 ] 7 8 9

10

01

0.2

03

0.4

L
@, [}252]

Fig. 2a. dor/d\t‘ for v + p — p +7° as a function of -¢.
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Fig. 2b. Integrated 7°-photoproduction cross section
for ltt < 0,5 GeV2. The value sin@=+0,18 is used.
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where K is the initial momentum in the production
channel.

The Cyx; i are the residue functions from
which we have explicitly factorized the threshold
behavior (gg'/M2)%: they are determined by the
type of interaction and contain the coupling con-
stants and some kinematical factors. We assume
that the functions C10;%%, C10,-% -4,,€-10;3 3>
C-10, -4 -4 contain a factor [a{a + 1]2 and the
remaining others a factor a(a+1). Roughly speak-
~ ing, the [a(a+1)]z comes from the fact that a =0
is a sense-nonsense [8] value for th, 11, while

y2 2

the a(a+1) factor comes from the fact that ¢ =0
is a nonsense-nonsense value for Ftlo' 1o [9]
s2 72

We make now a pole approximation in the £-
plane: i.e. we require that the Regge amplitude,
eq. (2}, reduces to the simple Born term for
t = mgy *. The result of the matching at the
pole is presented in table 1.

From the experimentally known decay width
[11] T(w— 7y) = 1.27 + 0.22 MeV we get for the
wry vertex 1 =0.94 GeV -1 **, The transition mag-
netic moments for the other vertices VMy can be
found assuming the SU(6)y symmetry [e.g. 12] and
are given in table 2. For the Vpp vertex, as-
suming pure F-coupling, we obtain also from
SU(6)w [13]:

w_o P P
g, =38, g, =0
© 3.0 o @)
&p =58> & =0

g“,) is well known experimentally: g€2/471 =0.74
[e.g.14]. The vP parameter can be connected with
the electromagnetic structure of the baryons ob-
taining [e.g. 15] P = 3.7.

We first discuss m0-production. We assumed
for the p the trajectory found by Logan and Ser-
torio [16]:

ap(f) = 0.58 +0.90¢  fin GeV2

(compare also ref.17).
The w-trajectory is not well known: it has
been studied by Phillips and Rarita {18]; how-

* This method has been successfully applied several
times [e. g.3,10]: it permits to assign a definite phy-
sical interpretation to the residue of the Regge pole
in the J-plane.

**The transition magnetic moment U is defined by the
phenomenological Lagrangian £= e #YPI3 A9 ,w,T.
Its dimension is a lenggx in the natural system of units

fi=c=1).
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Fig. 3b. Integrated Xo—photoproduction cross section

for ‘tl <0.5 GeVZ, The upper curve refers to sina =

= -0,18, the lower to sin @ = +0.18. The two experimen-

tal points refer to the total photoproduction cross sec-
tion.

ever in their paper Regge-poles are used in a
way which is quite different from our approach,
so that their parametrization cannot be used di-
rectly in our work. ¥ however we tentatively as-
sume a straight w-trajectory with the intercept
and slope given by them, we obtain the right be-
havior and order of magnitude for the cross sec-
tion. We can improve the agreement fitting ay(f)
with the available data at 3 GeV, getting

a,(#) =0.60 +0.75 ¢ .

The results given in fig. 1 are in good agree-
ment with the experimental data up to £ =
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=-0.b Gesz obvicusly it is possible to improve
the agreement fitting some of the many param-
eters involved, but in this paper we are not so
much interested in the phenomenological descrip-
tion, as in the question to what extent a Regge
picture, complemented by symmetry relations,
may be applicable for inelastic processes like
photoproduction, in spite of the difficulties en-
countered by the model in the elastic case. For
larger values of ¢ our simple model with con-
stant residues is no longerable to fit do/d¢ with
sufficient accuracy; however our model may be
still valid at larger momentum transfer, but at
these energies the resonance effects can be im-
portant, as suggested in ref. 2.

It should be noted that the contribution of the
p trajectory, though small, is not at all negli-
gible.

We give also the cross section for the n° and
X0 photoproduction, figs. 2 and 3, for which there
are practically no data at high energy.

In order to test better the theory, it should be
interesting to obtain other experimental data at
higher energies where the resonance effects are
less pronounced.

The polarization of the recoil proton results
very small in our model: this may be easily un-
derstood since the p and w trajectories are very
close and have the same signature. However this
result is probably not reliable in the energy range
covered by the experiments where the resonances
should contribute to the polarization (compare
ref. 16).

References

1. M. Braunschweig, D,Hussmann, K. Lubelsmeyer
and D. Schmitz, Phys. Letters 22 (1966) 705;
German Bubble chamber collaboration: Nuovo Ci-
mento 46 (1966) 795;

V.B.Elings, K.J.Cohen, D.A. Garelick, S.Homma,
R.A.Lewis, P.D.Luckey and L. 8. Osborne, Phys.
Rev. Letters 16 (1966) 474,

2. M.P.Locher and H. Rollnik, Phys. Letters 22 (1966)
696,

3. W.Drechsler, Phys.Letters 23 (1966) 272.

4. W.Drechsler, Nuovo Cimento 45 (1966) 263.

5. G.F.Chew, M.L. Goldberger, F.E.Low, Y. Nambu,
Phys.Rev. 106 (1957) 1845,

6. M. Jacobrand G.C.Wick, Ann.Phys,7 (1959) 404,

7. I.J.Muzinich, J, Mat. Phys.5 (1964) 1481,

8. M, Gell-Mann, M, L, Goldberger, F.Low, E.Max
and F. Zachariasen, Phys.Rev.133 (1964) B145,
Appendix B,

9. L.L. Wang, Phys.Rev. Letters 16 (1966) 756; in this
paper a similar situation is met for the process
mT+N—w+N,

10. M.Barmawi, Phys.Rev. 142 (1966) 1088;
M. Barmawi, Phys.Rev. Letters 16 (1966) 595;
R.K.Logan, Phys.Rev, Letters 14 (1965) 414.

11. A H.Rosenfeld et al., UCRL - 8030 (March 1965).

12. H.Ruegg, W.Rihl and T.S. Santhanam, CERN pre-
print Th-709, August 1966,

13. F.Buccella, private communications.

14. J.J.Sakurai, Phys.Rev, Letters 17 (1966) 1021,
our ge is related to Sakurai's fp by fpp =2¢C.

15. J.D. Jackson and H. Pilkuhn, *Nuovo Cimento 33
(1964) 906,

16. R.K.Logan and L, Sertorio, Phys.Rev. Letters 17
(1966) 834.

17. G.Hbdhler, J.Baacke, H.Schaile and P.Sonderegger
Phys. Letters 20 (1966) 79,

18. R.J.N.Phillips and W, Rarita, Phys.Rev. 139
(1965) B1336.

s

¥k ok ok %

408




<<
  /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


