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Strong interaction effects of hadrons constitute a menace
to pure QED even if the interacting particles are carefully prepa-
red to eliminate strongly interacting particles from the initial
state. This is due to the fact that the photon being a JPC = 1--
meson can undergo virtual transitions into heavier JPC = 1-- ne-
utral mesons such as the p°, w , ¢ . It is therefore necessary
to calculate these Y —» VO 'transition effects since any refined
test of QED will eventually have to consider 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 (VP)
corrections of hadrons in e - e~ colliding beam reactions.
We also comment briefly on the (7°- w interference in such pro-
cesses as

e= —» nT 4T

(x) - Present address: Department of Physics, University of Ife
Ibadan, Nigeria.



which Donnachie(l) suggested could show marked peaks sitting
on the mass of the w . We consider the second order (0(€"))
hadronic modification of the photon propagator due to emission
and subsequent absorption of hadrons as illustrated in fig. (1) .
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FIG. 1

When the hadronic modification is schematised as in fig. (1) all
hadronic contributions are considered coherently and the
corresponding correction factor is calculated once and for all and
applied to all et - e~ annihilations irrespective of the particular
final state. In other words the VP correction factor is unique and
depends only on the available CM energy of the annihilating et - e-
pair. Consequently processes such as

-+ -

et + e —7 W —> 7w +T
+ -
et + e- — w —7 w + M

must be (correctly) regarded as part of the vacuum polarization
corrections to the corresponding lowest order purely electrody-
namic processes et + ee—> ™+ and et + e” —> et
respectively.

The modified photon propagator is given in the K&llen-
Lehmann form by
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and the spectral function S(qz) is defined in terms of matrix ele-

ments of the hadronic electromagnetic current j#’ (x) by

(Suv - i%ir\ $q)= 2 me 5 (4 - PM)<o\5r(o)\%>w)jv(o>,?§)

The |w> are sets of hadronic states satisfying 4-momentum condi-
tions as implied by the delta function in (2). To evaluate the inte-
gral in (1), which means having a compact analytic expression for
S(q2), we appeal to field-current identity (FC1)(2) which allows one
to relate S(q2) to two other spectral functions Sf' (a2), S b ~w (q2)
on which readily acceptable simplicity assumptions can be made,



These assumptions are inherent in all vector dominance model
calculations and usually yield reasonably good results. The decompo-
sition of S(q2) 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(z)

Sle)= o wy S la) o [g7 M Spm () 105 ], O

5(, is related to the Y- p¢ coupling constant, M[’ the r’ mass and
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with F’ (x) the spatial component of the [’o-meson field f.(x) and ] z>
is a spin one state of zero 3-momentum and energy m,. g (with
gits transpose), M, S¢~w(q2) are 2x2 matrices generalising

oy s S!,, (q2) respectively in the case of the $-w complex,
(Ef .« ....7,, denotes the (1, 1Y matrix element. A convenient
representation’ of these matrices is given in ref, (2). The spectral
function S (q2) and matrix S pow (qz) have Dirac delta contributions
at the masses of P°, w , ¢ of the form Zog(q2+ 12) with Zg of
the order of unity. In evaluating the integral in (1) we retain only
these delta function contributions and obtain a simple relationship
between the photon propagator and the propagators of the neutral
vector mesgons
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% is the hypercharge coupling constant and 9)/ the corresponding
m&ing angle (2), Eq. (5) is one of the important results of FCI, which
stated simply means that there is an exact relationship in the strong
interactions between the second order (0( ¢* )) hadronic contribu-
tions 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 f>°, w , ,{; . As a result of current
conservation the term proportional to 9. §v does not contribute to
the VP corrections, consequently the VP correction factor CVP(E)
is defined as
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q2 has been replaced by —4E2, whith 2E the total energy of the
et - e- pair in CM. Eq. (6) is plotted in fig. (2) (full curve) as a®
function of 2E and for Z, = 1.

The values of the constants used have been obtained as

f ollows:,

%gz = 2.3(2)
LM
i’-y _ 1.4 cosz‘(SH_e,,)(z)
4 cos? Dy
v, tan 97 = Ay tan Oy = tan® ,(2’ 3 )
/VV\-'# W
® _350 (4 ) T4 =4.2 Mev
Tf =108 MeV, | =12.2 MeV
e = 765 MeV  awy, = 780 MeV = 1020 (3)

The curve manifests interesting structures around the resonant
masses and shows that VP corrections become very important
for 2B comparable with the mass of the ¢ . Even for 2E around
the fo s 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 F'CI 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 resonant
contribution to D/q.v\/ (qz). We define an amplitude £, (qz) for et-e-
annihilation into hadrons passing through the said resonance R by
the formula (suggested by eq. (6))

‘ER("\% = M m‘g+mrn (7)

o fig. (2b) is a continuation of fig. 2a plotted on a different scale.
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FIG. 2a - Plot of VP correction factor Cyp(E) against 2E
showing structure around ¢°, w masses.
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FIG. 2b - Plot of VP correction factor Cyp(E) against 2E
showing structure around § mass.



where N is a normalization constant determined by the requirement
) 2 e~ C .
Lo fr (224 E%) = Sp (€ ) (8)

for the total cross-section Gg(E) for et _ e annihilation through
R we take a Breit-Wigner and obtain

N: 12 T TLR——-\/ e,++eh> (9)

Ma R

r (R — e+ e”) is the partial width for the decay R — et e-.
Between S(q2) and the total cross-section G‘(qz) there exists the
relationship:

2\ 3,2 2
G (q2) = 1Pt S(g2) (10)
ss 4
which when combined with the assumption that 'g‘p\ .(q2) satisfies
an unsubtracted dispersion relatlon of the form

Fo (a®) = S e (x) obx (11)
X 492 - tg
yields
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Eq. (12) leads to a propagator correction equivalent to eq. (6) if
occurring constants are identified;a comparison of equations (6)
and (12) gives

Z ° = 3 r ( R — €+ E«u)
%Lg 4ma® R
or equivalently
2
( %R /2 > - Zo . ¢ , RALAS
4 7 p(Roe'Y) (13)

which is exactly the well known relationship between the photon-
-vector meson couplmg constant yp = §r/2 and the partial decay
w1dthT' (R - eT e-). Eq.(13) reveals the necessity of putting

o =1. The dashed curve in fig. (2) has been obtained by substitu-
tmg for S(q ) a sum of three Breit-Wigner shapes compatible with
eqs (7) and (10) and the resulting integrals evaluated exactly by



the method of residues, The branching ratios used, B(f—9e+e‘) =
= 6, 04x10‘5, and B( 75 —_— ete-) = 3, 55}(10‘4 are from Ting
while B( w — ete-) is from meﬁ. (b)

If the contributions of the three resonances P° , w , 45 to
the photon propagator are considered singly the resultant form of
Cyp(E) for each has a minimum before the resonant mass and a
maximum thereafter(?). This is clearly seen around the ¢ mass.
This minimum-maximum structure is absent around the fomass
as a result of the [,0, w interference, This fact emphasises the
necessity of taking interference effects into account. Recently
Donnachie proposed calculating coherent (J'i w interference in the
reaction et + e —>n'+7 as a means of extracting information
ofithe decay w —> mtt+ n, The discussion outlined above
suggests that such information may be difficult to obtain with
storage rings because the intervention of w in the process
et + e- —» Mt~ re-enters as part of the VP cor-
rections to the lowest order process et + e- = mtew f’o'w
interference in these storage ring reactions must therefore be
understood as interference of VP contributions and it is incorrect
to calculate the interference otherwise, In fact when VP correc-
tions 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 ‘\°/ but is decidedly in disagreement
“with Donnachie's (dash-dot curve) plot calculated with

T (w——‘i____—m‘) = 0,03
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FIG. 3 - ete” = &t + &~ resonant cross-section against CM
energy: full curve: without VP correction; dashed curve: with

VP corrections as calculated in the text; dash-dotted curve: re
sult of Donnachie.
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