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Vacuum polarization effects of hadrons are calculated in the vector dominance approximation and an appli-
cation is made in evaluating p© - w interference in the process et + e~ > 7" + 7,

Strong interaction effects of hadrons constitute
a menace to pure QED even if the interacting
particles are carefully prepared to eliminate
strongly interacting particles from the initial
state. This is due to the fact that the photon being
a JPC =17~ meson can undergo virtual transi-
tions into heavier JPC = 1-~ neutral mesons such
as the p°, w, ¢. It is therefore necessary to cal-
culate these y — VO transition effects since any
refined test of QED will eventually have to con-
sider corrections of the order of magnitude of
those due to hadronic modification of the photon
propagator. Accordingly we present in this note
a simple method for calculating fairly accurately
vacuum polarization corrections of hadrons in
et - e” colliding beam reactions. We also com-
ment briefly on the p© -~ w interference in such
processes as

e e —ataa”

which Donnachie [1] suggested could show marked
peaks sitting on the mass of the w. We consider
the second order (O(e2)) hadronic modification of
the photon propagator due to emission and sub-
sequent absorption of hadrons as illustrated in
fig. 1. When the hadronic modification is sche-
matised as in fig, 1 all hadronic contributions are
considered coherently and the corresponding cor-
reaction factor is calculated once and for all and
applied to all et - e~ annihilations irrespective
of the particular final state. In other words the
vacuum polarization correction factor is unique
and depends only on the available CM energy of
the annihilating e™ - e~ pair. Consequently pro-
cesses such as
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must be (correctly) regarded as part of the va-
cuum polarization corrections to the correspond-
ing lowest order purely electrodynamic proc-
esseset +e" -7 + 7" andet+e” - pt+ uw-
respectively.

The modified photon propagator is given in the
Killen-Lehmann form by (1)

2 S(-x)dx
2(x+ q2 -i€)

Suv 4,9
Duy(qz) = -Lz + 4na<6[.l.l/ - uz )
q q o X

and the spectral function S(qz) is defined in terms
of matrix elements of the hadronic electromag-
netic current ju(x) by

9y 4.4
(%V ) )S(qz) =1Z¢>(277) 6(q - P,) %

q (2)
X (07,,(0)|m¢nls,(0)]0)

The |n> are sets of hadronic states satisfying
4-momentum conditions as implied by the delta
function in (2). To evaluate the integral in (1),
which means having a compact analytic expres-
sion for $(g2), we appeal to field-current identity
[2] which allows one to related S(¢2) to two other
spectral functions Sp(qz). S._ w(qz) on which
readily acceptable simplicity assumptions can be
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Fig. 2a. Plot of vacuum polarization correction factor Cyp(E) against 2E showing structure around p°, w masses,
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Fig. 2b, Plot of vacuum polarization correction factor CVP(E) against 2E showing structure around ¢ mass.

made. These assumptions are inherent in all vec-
tor dominance model calculations and usually
yield reasonably good results. The decomposition
of S(g2) into two terms is a consequence of the
decomposition of the hadronic electromagnetic
current into an isovector and an isoscalar part.
The relationship between these spectral functions

is [2] (3)
S(q2) = gp7 mbSy(a?) ++ [g'l M2Sy_ (g2 )M2Z '1}

8p is related to the y-p© coupling constant, mp
the pO mass and

2 2
$p(a%) = § Zia(g® + m3)|(0|p(0)]2)| (4)
with p(x) the spatial component of the p°-meson

field pu(x) and | z) is a spin one state of zero 3-
momentum and energy m,. g (with g its transpose,

1,1

M,S _w(qz) are 2 X 2 matrices generalising &ps
mp,gp(qz) respectively in the case of the ¢-w
complex, [...ovev... ]1.1 denotes the (1,1)th
matrix element. A convenient representation of
these matrices is given in ref. 2. The spectral
function Sp(qz) and matrix Sd)_w(qz) have Dirac
delta contributions at the masses of p°, w, ¢ of

the form Zo6(q2 +m2) with Z, of the order of
unity. In evaluating the integral in eq. (1) we re-
tain only these delta functions contributions and
obtain a simple relationship between the photon
propagator and the propagators of the neutral vec-
tor mesons

6 4,49
14
Duy(q?) ~ q% + 4”“Zo<5uu - :?—K) X
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1 g,} coszeY
e e
4 2 2 .
my+q —1m¢1"¢
(5)

-9
X “ gp e
" m2 q2 ~impT,

sin29Y
, — e
mi,+q2 -imyI, J

&y is the hypercharge coupling constant and Oy
the corresponding mixing angle [2]. Eq. (5) is one
of the important results of field current identity,
which stated simply means that there is an exact
relationship in the strong interactions between
the second order (O(e2)) hadronic contributions
to the photon propagator and the vector meson
propagators. In other words eq. (5) suffices to
represent the effect of all hadrons and not only
of the neutral mesons p%,w,d. As a result of
current conservation the term proportional to
q1,9v does not contribute to the vacuum polariza-
tion corrections, consequently the vacuum pola-
rization correction factor Cyp(E) is defind as

-2
g
CVP(E)=‘1-161701Z0E2[ T+
mpy -4E -impTy (6)
20 in2 6
+g} : cos? Y - s1n2 Y )]
m¢~4E‘-1m¢)1"¢ mw-4E -im,, T,

q2 has been replaced by -4E2, with 2E the total
energy of the et - e~ pair in CM. Eq. (6) is
plotted in fig. 2 (full curve) as a * function of 2
and for Z, = 1.

The values of the constants used have been
obtained as follows:

2
2 -
__gp=23[2] _gj%:lclcos (GN GY) [2];
47 T4 2

cos GN

m m
w
22 tanfy =—2 tanfy = tan6 [2,3];

¢ w
6 =350 [4]; I‘¢ = 4.2 MeV;
Tp =108 MeV; T, =12.2 MeV;
mp =165 MeV;  my, =780 MeV;  mg = 1020 [3].

* Fig, 2b is a continuation of fig. 2a plotted on a differ-
ent scale.
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Fig. 3. e¥e- —7* + 77 resonant cross-section against

CM energy: full curve: without vacuum polarization

correction; dashed curve: with vacuum polarization

corrections as calculated in the text; dash-dotted curve:
result of Donnachie.

The curve manifests interesting structures
around the resonant masses and shows that
vacuum polarization corrections become very
important for 2E comparable with the mass of
the ¢. Even for 2E around the p®, w masses they
are not negligible varying between 5% and 10%.

It is well known that vector dominance as a
dispersion theoretic description crystalizes into
field current identity in the language of local
Lagrangian field theory [2]. It is therefore to be
expected, at least as a consistency requirement,
that dispersion theory yield eq. (5). This can be
shown quite simply by considering a single res-
onant contripution to Dy;,(¢2). We define an am-
plitude fR(qz) for e™ - e~ annihilation into ha-
drons passing through the said resonance R by
the formula (suggested by eq. (8)):

FR@®) = N/, - q* - imgTR) (1)
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where N is a normalization constant determined
by the requirement

ImfR(q?=- 4E2) = oR(E); (8)

for the total cross-section oR(E) for et - e~ an-
nihilation through R we take a Breit-Wigner and
obtain

N=12r T(R—e" +e")/my (9)

T'(R — e* e7) is the partial width for the decay
R — ete”. Between S(qz) and the total cross-
section 0(¢2) there exists the relationship [5]

o () = (167%2/g 4)s(¢?) (10)

which when combined with the assumption that
fR(@?2) satisfies an unsubtracted dispersion re-
lation of the form

o Imf,(x)dx
R B (11)
0 x+g°-ie€

yields
f°° S(-x)dx 3 T(R—e'e) (12)

o) xz(x+q2-ie) 477a2 mlzj{+q2-imR1"R

Eq. (12) leads to a propagator correction equiva~
lent to eq. (6) if occurring constants are identi-
fied; a comparison of eqs. (6) and (12) gives

Zo

or equivalently
Ger? 2 mm
ar "o 13 TR —ete) (13)

which is exactly the well known relationship be-
tween the photon-vector meson coupling constant

YR = 3gR and the partial decay width T(R — ete™).

Eq. (13) reveals the necessity of putting Z, = 1.
The dashed curve in fig. 2 has been obtained by
substituting for S(g2) a sum of three Breit-Wig-
ner shapes compatible with egs. (7) and (10) and
the resulting integrals evaluated exactly by the
method of residues. The branching ratios used,
B(p— ete™) =6.04 X 1079, and B(w — e*e~) =

= 3.55 x 10-4 are from Ting while B(w — e¥e") is
from ref. 6.
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If the contributions of the three resonances
pO,w,® to the photon propagator are considered
singly the resultant form of Cyp(Z) for each has
a minimum before the resonant mass and a
maximum thereafter [7]. This is clearly seen
around the ¢ mass. This minimum-maximum
strueture is absent around the p® mass as a re-
sult of the pC® - w interference. This fact em-~
phasises the necessity of taking interference
effects into account. Recently Donnachie pro-
posed calculating coherent pO - w interference in
the reaction et + e~ — 7" + 7~ as a means of
extracting information on the decayw — 7% + 77
The discussion outlined above suggests that such
information may be difficult to obtain with
storage rings because the infervention of w in
the process et + e”— 77 + 7~ re-enters as part
of the vacuum polarization corrections to the
lowest order process et + e~ — 7 + 77, p0 - w
interference in these storage ring reactions must
therefore be understood as interference of va-
cuum polarization contributions and it is in-
correct to calculate the interference otherwise.
In fact when vacuum polarization corrections as
given by eq. (6) are administered on the
Novosibirsk {7] and Orsay [4] data (full curve)
we obtain the dashed curve in fig. 3 which agrees
with Roos's plot [8] but is decidedly in disagree-
ment with Donnachie's (dash-dot curve) plot cal-
culated with

Tw—-7"+77)/T(w—7"+ 7"+ 7°) =0.03.

References

1. A.Donnachie, Phys. Letters 27B (1968) 525.

2. N.M.Kroll, T.D.Lee and B. Zumino, Phys.Rev.157
(1967) 1376.

3. 8.C.C.Ting, Proc.XIV Intern.Conf.on High energy
physics (Vienna, 1968).

4. J.E. Augustin, J.C.Bizot, J.Buon, B.Delconst,
J.Haissinski, J.Jeanjean, D. Lalanne, P.C.Marin,
H.Nguyen Ngoc, J.Perez-y-Jorba, F.Richard,
F.Rumpf and D. Treille, Proc.XIV Intern.Conf.on
High energy physics (Viemna, 1968).

5, V.N.Gribov. B.L.Ioffe and I.Ya.Pomeranchuk,
Soviet J. Nuclear Phys.6 (1968) 427.

6. J.E.Augustin, D.Benaksas, J.Buon, V.Gracco,
J.Haissinski, D.Lalanne, F.Laplanche, J.Le-
frangois, P.Lehmann, P.Marin, F.Rumpf and
E.Silva, Proc.XIV Intern.Conf.on High energy
physics (Vienna, 1968).

. R.Gatto, Nuovo Cimento 28 (1963) 658.

. V.L.Auslander, G.1.Budker, Ju.N.Pestov, V.A.
Sidorov. A.N.Skrinsky and A.G.XKhabakpashev,
Phys. Letters 25B (1967) 433.

9. M.Ross, Nuclear Phys.2B (1967) 615.

0 ~3

275




<<
  /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


