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ABSTRACT, -

We present a strong non perturbative argument which implies
that the fundamental fields have anomalous dimensions if the interaction
is scale invariant. A physical consequence is that Bjorken scaling cannot
be present in asymptotically.scale invariamt field theories.

A very interesting problem is to understand the observed simple
properties of deep inelastic e-p scat‘tering(l) in the framework of standard
Lagrangian Quantum field theory. We know that Bjorken scaling(z) is con-
nected with the light-cone singularities of the product of two currents(3):
the scaling law implies that they are as singular as in free field theory.

Under general assumptions we have proven(‘l) that canonicallight
cone singularities can be present only and only if the fundamental fields ha
ve canonical dimensions. In this letter we present a non perturbative argu-
ment which implies that in a renormalizable quantum field theory with adi-
mensional coupling constant the fundamental fields must have anomalous di
mensions. (The argument is valid for interaction of the type A@4, Pyo,
@yy/m, some care must be taken in the gluon model, where the Hilbert spa
ce of the states has no more positive metric and the dimensions of the fer-
mion field is a function of the gauge).

It is well known that canonical dimensions are possible if and on-
ly if there exist a value of the renormalized coupling constant g. 7 0 which
is a simultaneous zero of the two Callan(5) Symanzik(s) functions B(g) and
7(g). We prove that this is impossible, the only simultaneous zero being
located at g=0.

We consider the C.S. eq. for g= all the anomalous term are

absent and it reads as:

.
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Standard arguments based on the Weimberg theorem_(7) suggest
that the r.h. s. can beasymptotically neglected in the deep euclidean region:
the propagator will be G(K2)-= 1/K2 +m20(1/K4); also for the general N
point function in the deep euclidean region the preleading terms will be a
factor 1/K2 smaller than the leading ones. Because of the Federbush John-
son Pohlmeyer(s) theorem the theory is asymptotically free and only the di-
sconnected part of the leading terms of high order Green functions will be
different from zero,

As a consequence the dressed vertex will go to zero at infinity a
power of K2 faster that in perturbation theory.  We stress that this is true
only at g=g.; for different values of the coupling constant the speed of the

approach to the asymptotic region is ruled by the form of the zero of func-
tion B(g)(G’g).

Looking to the renormalized equation of motion we find that this
smooth behaviour of the vertex may be present only in a free theory. For
sake of diagrammatical semplicity we consider the very unphysical case of
a l¢3 in six dimensions: the whole argument can be extended to the other
cases only drowing more complicated diagrams.

The Dyson equations can be written as(lo):

RN

G is the renormalized propagator, I'is the renormalized vertex and K is
the Bethe Salpheter kernel, which can be written as the sum of all two par-
ticle irreducible skeleton graphs. The dushed lines denote differentiation
respect to the momenta connecting the two points. The recorsive solutions
of these equations with the condition I'(0,0,0)=g yields standard perturba
tion theory,

If we have-no trouble on the convergence of the integrals eq. (3)
can be rewritten as



)

'C is an opportune constant that should not be identified with the
physical coupling constant. We assume that all these integrals are conver
gent: they are only logarithmical divergent in perturbation theory and now
the effective interaction is more soft that the bare one.

If we send all the momenta te infinity we find that the left hand
side go to zero, while the left hand side is proportional to C. C must be
zero and a bootstrap type condition must be satisfied for g=g.. However,
doing some manipulations which are justified by the convergence of the in
tegrals, it is an easy task(11) to show that the self energy becomes a con-
stant if we let the bootstrap condition eq. (4) into eq. (2). The propagator
is just the free one, the theory is free”and g, must be equal to zero, Ca-
nonical dimensional are present only in free theorijes,

The really delicate point of the whole argument is the use of the
Weimberg theorem outside perturbation theory.

The vonclusions of this letter are that, if some very strange pa
talogies are not present, it is impossible that fields have canonical dimen
sion in presence of a scale invariant interactien. In this type of theories
Bjorken scaling cannot be valid, however each of the integrals
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still scales in a not trivial way: they(l"‘?‘)v

nal to

must be asymptotically proportio

2 0
C (9‘—2‘) N .
NL M



4.
REFERENCES, -

(1) - E. D, Bloom, H.D. Coward, H. De Staebler, J.Drees, G. Miller,
L. W. Mo, R.E.Tay, M. Breidembach, J.I. Friedman, G. C.Hart-
mann and H. W. Kendall, Phys. Tev, Letters 23, 930 (1969).
(2) - J.D. Bjorken, Phys.Rev. 179, 1574 (1969).
(3) - R. A. Brandt and G. Preparata, Nuclear Phys. B27, 541 (1971),
(4) - G. Parisi, Bjorken Scaling and the Parton Model, Phys, Lett. to be
published.
(5) - C.G. Callan Jr., Phys. Rev. D2, 1541 (1970).
(6) - K. Symanzik, Comm. Math. Phys. L6, 48 (1970).
(7) - S. Weimberg, Phys. Rev, 118, 838 (1960).
(8) - K. A. Pohlmeyer, Comm, Math. Phys. 12, 204 (1969).
(9) - S. Adler, Phys.Rev. D6, 743 (1972).
(10) - K. Symanzik, Lecture on High Energy Physics, edited by B. Jaksic,
(Zagreb, 1961; New York, 1965).
(11) - G. Parisi, Lett. Nuovo Cimento 4, 777 (1972),
(12) - G. Mack, Nuclear Phys. B35, 592 (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


