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ABSTRACT
Using the natural differential dispersive character of the renormal-
ization group, we give a possible explanation of the present high energy

data for eTe” — hadrons.
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One of the most perplexing of the present paradoxes in high energy physics
is the gpparent difference in scale between e'e” — hadrons and e + p — e + any-
thing. More precisely, while Bjorken scalingl’2 occurs already at szl +( GeV)2
in the latter process, there have been reported34data which would appear to ex-
hibit pronounced deviations from Bjorken scaling in the former reaction all the
way up to S ~ 25(GeV)2! No satisfactory explanation of this paradox has been ad-
vanced, although there have been numerous attempts. 4 The present note will be
seen to remedy this situation. In particular, using the differential dispersive
aspect (this will be defined presently) of the renormalization group equation, as
introduced in a previous Letter,5 we have found what we consider to be a natural
resolution of this paradox.

Specifically, as was shown in Ref. 5, the 1 PI Green's functions {I‘} of quan-

tum electrodynamics satisfy equations of the type
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(see Eq. (14) of Ref. 5); here, A is the scale, m_, is the renormalized mass,

R
B, Yy and Y are the usual coefficient func:tions6 of the renormalized coupling g,
and DI‘ is the engineering dimension of I'. (We shall suppress all spinor and
tensor labels where possible.) The amplitudes p,, May be computed in perturba-
tion theory, for example. Eq. (1) was previously Showns to be an ifniﬁédiate
consequence of the renormalization group equation. We view it as a differential
dispersion relation, since in‘general {pa }74 o.

We have subsequently studied the solutions of (1) more explicitly and found

that at the energy at which conventional perturbation theory begins to falter, the

fundamental vertices



r,D
B pw

of QED.may begin to behave as
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D“V(?\q) —_:oo const
in such a way that, as usual,
IDr ~ e2/A%% 3)
! (The vertices behave conventionally for small 7\2q2. ) Assuming a gauge theo-

retic7 view of leptons, the ehergy at which this should happen is the well—known8

2 3T 2 2
4y < 5 m 13(GeV)” . 4)

Of course, since I'DI" is unchanged, there are essentially no physical
consequences of Eqs. (2) in the QED interactions of fundamental fermions alone.
However, for processes involving other types of interactions, the consequences
are supremely interesting.

Indeed, for the process

ete”™ — hadrons
Eqgs. (2) predict, to lowest order in hadronic electromagnetism, that at S ~
10 (GeV)z, the total cross section should begin to become constant, under the
assumption of Bjorken scaling fo‘r the hadronic vertex. 9 Hence, taking scaling
to set in at § >1 +(Ge}V)2, as observed in%’ 10

e +p — e + anything,
we have the following picture:of e+e— — hadrons:
Region 1. FOr.,ln"._,sS 510_(GeV)2 the famous ratio R = ¢ (e+e— — hadrons)/
o (e+e— —>u+u_) should be given by the quark content of JM EM, namely, R =2

for the fractionally charged three-triplet model, for example.
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Region II. For 10 +(GeV)2 < S, the ratio R should rise linearly with S/ q%, with
q% o 1‘O(GeV)2, on account of the constancy of o(e+e— — hadrons), the slope
k;eing given by the value of R for the Region I ~ riémely, the slope should also be
2 in the three-triplet model. Ignoring the possibility of hitherto unseen quantum
numbers, this rise should persist until higher order corrections become im-

. 3 .
portant. All of these predictions are consistent with the data, as shown in the

figure.

The details underlying the discussion here as well as other applications of

differential dispersion relations will appear elsewhere. 1
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Fig. 1
2
For 1+ < 8 < 10_ (GeV)~, the data are consistent with the 3 triplet model
prediction of R =2, For 10+ < 8, the slope of the data is consistent with

the 3 triplet prediction of 2 in units of (1/qg), with q(z) = 10 (GeV)z.



