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It is proven that, using reducible scale invariance at short distances, conformal symmetry implies canonical (Bjorken)
scaling, provided diagonal dimensions of dilatation multiplets occurring in the operator product expansion of two
electromagnetic currents have the canonical value &y = 2+ n. If the electromagnetic current itself belongs to such mul-
tiplets then the hadron production cross section in e'e “annihilation falls off faster than 1 /s at asymptotic energy.

Very recently some authors discussed [1,2] com-
patibility of logarithmic singularities in operator pro-
duct expansions under the assumption of approxi-
mate scale (conformal) invariance at short-distances.

In this connection it has been argued [2] that,
provided the local fields of the theory belong to re-
ducible (indecomposable) representations of the dil-
atation group, canonical dimensions L, =2+ n for the
symmetric tracelegs (observable) operators
Ou, ... a,(x) appearing in the operator expansion of
two currents J, (x)/,(0) are in agreement with an in-
teracting scale invariant theory.

In fact, if a selection rule is operating [2] (as a
consequence) of a new symmetry sometimes called
R invariance [2] in such a way that the product of
two currents only couples to lowest components of
such representations, the Wilson [3] dimensional rule
still holds and naive canonical scaling can be restored.

In this note it is proved that, as a consequence of
conformal symmetry at short-distances, a selection
rule holds which avoids logarithmic singularities to
be present in the operator product expansion of two
operators of definite dimension so that reducible
operators do not occur in the short-distance expan-
sion. As a consequence, it is possible to prove, with-
out additional assumptions, that exact Bjorken scaling
is compatible which such representations provided the
tensor fields O, o, (%) are identified with the low-
est components of (finite dimensional) indecompos-
able representations of the dilatation group. On the
other hand, if the electromagnetic current itself be-
longs to such multiplets the disconnected piece in the
expansion vanishes [4] in the scale invariant limit so
lim $0gq-p(8) = 0.
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Let us consider a multiplet of local fields O(x)
(for simplicity taken to be Lorentz scalars at the be-
ginning) which belong to a representation of the dila-
tation group.

U, 00U = 1,000, L) (1)

where the general form of the matrix T;;(A) can be
found in ref. [1]. Constraints from conformal sym-
metry on general #-point functions are given by the
set of equations

n
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and we have already assumed [Oﬁfl’f (0), K, ]= 0.
For n =2 (propagator) the most general SU 2,2
invariant solution is the following (Lorentz scalars):

IN=1 h
FN(x2)=(—13) hZ%) (;,1) -1oghx2CN_h 3)
x“/ = :

where Gy _, is the common value of coefficients Gy
such that i +j = 2N — & which gives the homogeneous
contribution to

!
010,(x)0,(0)10)=C, J(_lz) o )
X

and C; =0 if i +J<2N - h.
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Two-point functions of representations with differ-
ent diagonal dimension vanish. Note that the V.E.V.
of the diagonal component always vanishes (C1=0)
unless NV = 1 (irreducible representations) [4]. This
implies that the V.E.V. in the short-distance limit is
less singular than it would be expected by the Wilson
dimensional rule (its scale invariant contribution van-
ishes). As a consequence the skeleton theory cannot
have positive metric Hilbert space (like Q.E.D.) [e.g. 5]
because if this would happen representations of this
kind (N> 1) could not exist as a consequence of
Federbush-Johnson theorem.

Generalization to spin-labels is straight-forward due
to the structure of the group. The most general two-
point spinor function is

(0105 (x)05,(0)10) = Fy (x?)sF(x) (5)

where §*8(x) is an adimensional spin matrix.

Consider now three-point functions (vertices). It
is better to work in six-dimensions, then (Ki=m;5 6
Xiu = (1/Ky) "7,'“)

010; ()0, )0, (n3)10) =B iy M, 1)

=F (K KK (g _xz)z’ ) _x3)2> (xz_x3)2)

(6)
one can drop the space-time indices and formaily
write / i ipis (Ky K3 K3) instead of (6). We are already
interested in /;=5,=1 and general i3=N(;= b, l;=1).
One gets from (2)

a y — i
Klé'[?l Fiin(K KoKy = =L Fy (K K K)

3 _ ,
Kza_K?'FuN(Kl KyK3)=—1 Fyy p (K KK N

0 s -
Ky R}F uv (K KKy = —I Ay K KK
_F11N~ 1 (Kl KZ K3)

These equations can be easily solved by iteration
F”1=...=F11N__1=0 (8)
and
Fv= K ZIKEIIKE fun(e “xz)zv(xl_x3)2’(x2_x3)2)

)

In fact, as a consequence of SU (2, 2) symmetry
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Fy15(K; K, K3) must depend only on K Ky, K K3,
K, Ky respectively (n;*ny =~} K;K(x;~x;)2). Then
(010,(x)0,(0) 0, (2)i0)
= = — (10)
LN x? zz(x*z)2
and this is all one needs.

Consider now the operator product expansion in
the short-distance limit (¢ number terms)

0,(x)0,(0) (11)

=C,H0,(0)+C, A)0,(0)+ ... Gy (x2)D,y(0) ...

(inequivalent representations)

and the C-number term in the short distance expan-
sion

51(0) 5N(z) =fJN(22)I+ . (g number terms) (12)
20

we have that in the sequence of limits x—~ 0, z -0,
x/z >0

0,(x)0,(0)0,(z) = 7(%)211 ) I(Zi)ys e (13)

consistency [6]Jr of this sequence of limits implies
Cy(x?) ... Gy(¥2) = 0, v = €, Cyy where 7,C;, Ciy
are the normalization of the three-point function, the
coefficient of the o.p.e. and the normalization of the
two-point function (0|0 1(0)Op(2)10) respectively.
Note that the previous analysis does not prevent
in general to have SU(2, 2) symmetric logarithmic
singularities. For example the vertex associated to
higher components is

(010,(x)0,(0)0, (2)i 0

1\a—1/2 1 /2
~Cinl ) En J
x z%(x—z)

— X —_— ————
128 x? I:zz(x»z)2

In general vertex of the form <0|0N(x)ON(O)51 (@) 0
contains terms like '

ta general dervation of these constraints can be found in ref. 7.
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As a final point one must stress that if such dilata-
tion multiplets occur in nature then

<0|Oa1...an§cx_2g51...ﬁn(o)l()) =0 (15)

in the short-distance region, i.e. the V.E.V. vanishes

in the scale invariant limit (as defined by Wilson di-
mensional rule). In particular if the electromagnetic
current J,(x) belongs to such dilatation multiplets
then (0 IJMJ(Q{V(O)I()) = ( as it happens in finite Q.E.D.

[5]. This would imply
ii_r)nm 0e"e‘—>H(s)/ae+e‘—*u+u' (9)=0

at very high energy. This situation would, as expected,
invalidate parton model results [8].

The author would like to thank Profs. H. Feshbach
and S. Fubini for their kind hospitality at the Center
for Theoretical Physics of M.L.T. where this research
was carried out.

190

PHYSICS LETTERS

16 April 1973
References

[1] P. Otterson and W. Zimmermann, Comm. Math. Phys.
24 (1972) 107;
G.F. Dell’Antonio, Nuovo Cimento 12A (1972) 756;
R.A. Brandt, CERN Preprint Ref. TH-1557 (1972);
S. Ferrara and A.F. Grillo, Lett. Nuovo Cimento 2 (1971)
177;
B. Schroer, “Lecture Notes™ Vol. 17 Springer Verlag
(1972).

[2] R.A. Brandt and W.C. Ng, Nuovo Cimento, to be pub-
lished.

[3] K. Wilson, Phys. Rev. 179 (1969) 1499.

[4] S. Ferrara, R. Gatto and A.F. Grillo, Phys. Lett. 42B
(1972) 264.

[5] S.I. Adler, C.G. Callan, D.J. Gross and R. Jackiw, Phys.
Rev. 6D (1972) 2982.

{6] R.J. Crewther, Phys. Rev. Lett. 28 (1972) 1421.

[7] S. Ferrara, R. Gatto and A.F. Grillo, Springer Tracts
in Modern Physics, Vol. 67 (1973) 7 (Springer Verlag,
Berlin).

[8] W. Bardeen, H. Fritzsch and M. Gell’'Mann, Topical Meet-
ing on Conformal invariance in hadron physics, Frascati,
May 1972 (Wiley and Sons) to be published.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


