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(at the cost of infinite energy needed to make IH I

= IEI). For the isolated charge, g-gq/r' as be-
fore, but E, which is responsible for forces, is
proportional to z, while the energy density is
like 1/r, giving divergence at r = ~ but not at r
=0. I can see little hope of successfully quantiz-
ing such a theory, but perhaps that should not be
allowed to prevent further exploration.

The quantization of the theory governed by Eq.
(14) looks superficially less formidable, since
the Lagrangian is conventionally quadratic in the
large-field limit, and hence at small distances
where ultraviolet divergences occur. However,
nonpolynomial Lagrangians are notoriously awk-
ward to deal with and the problems may be insur-
mountable. The attempt will be made using tech-
niques developed by Wilson and myself' in a dif-
ferent context. Whether infrared problems are
improved or worsened by the proposed modifica-

tion remains to be seen.
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We suggest that the measurement of vector-meson radiation decays V Py in the Prima-
koff-effect experiments on nuclei should be reanalyzed including isovector hadronic ex-
change. Its inclusion invalidates the assumption, made in data analyses, of A indepen-
dence of the strength of the strong-production amplitude and could well remove the dis-
agreement between theory and experiment for I'(p wy) and 1 (K*0—K y).

The outstanding problem in the radiative decays
of the generic kind V (vector)-P (pseudoscalar)
+y and P-V +y has been to understand the meas-
ured rates (1) I'(p-wy) =35+ 10 keV (Refs. 1 and
2) compared to the nonet-symmetry (or naive
quark-model) expectation of =90 keV, and
(2) I"(K* -K y) =75+ 30 keV (Ref. 3) compared
to the nonet-symmetry value of =210 keV. Con-
siderable theoretical effort4 ' has been made in
attempts to understand these anomalously low
rates in broken-symmetry schemes. One may
say in summary that it is not difficult to fit I'(K*'
-K'y) in a broken-symmetry scheme but it is not
possible to understand the low value of I"(p -wy)
simultaneously with the measurement' of I" (rj

'

-py)/I'(r)'-~), which proves to be a strong con-
straint. ' The best one can do in the schemes of
Edwards and Kamap is to obtain I"(p-w y) =70
keV.

The purpose of this Letter is to propose a mech-

anism which, when incorporated in the data analy-
sis, could raise I"(p-w y) [and I'(K*c-Key)] to
higher values consistent with the quark-model ex-
pectations.

Both I'(p-w y) and I'(K* -K'y) have been meas-
ured in Primakof'f-effect' experiments on various
nuclei at Brookhaven National Laboratory with a
pion beam of momentum 22.7 GeV/c and a J7'
beam of momentum 8 to 16 GeV/c, respectively.
At these momenta the coherent Coulomb produc-
tion in P+(A, Z)-V(A, Z) interferes with the co-
herent strong production. The experiment meas-
ures do/dt' for the coherent V production. The
Coulomb-production amplitude' "is built up of
the coherent contribution from the Z protons. In
the data analyses' ' the strong-production ampli-
tude has been assumed to be generated by ~ ex-
change. This isoscalar natural-parity (1 ) ex-
change gives an amplitude with the same Lorentz
structure as that from the Coulomb production,
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c,(v, z) =cpr =z)~1+&(z-x)/A~', (2)

where 6 measures the amount of interference.
For 6=1 the departure from unity can be quite
large. The correction factor is 0.84 for Cu, O.V6

for Ag, 0.62 for Pb, and 0.60 for U. This varia-
tion of Cp is in the same direction and of the same
size as that needed by Gobbi et al. ' to make their
solution for I"(p- my) acceptable.

The physics is- somewhat more involved. The
importance of the A., exchange relative to the ~
exchange depends on their relative phases and
sizes. For exotic reactions (K+p-K*+p, m'p-p'p) one expects approximate &u-A, exchange de-
generacy to give largely a real amplitude and a
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and A times the elementary amplitude P + n (or p)- U+n (or p). The strong-production amplitude
with ~ exchange has a form' ' "

F„„,) =A(K q, /q, )F„„„g. (1)

F„,~& can be found in Refs. 2, 9, and 10; —t'=q, '
and h is proportional to Co"' (e &&4), where P is
the V polarization vector, R is the incident mo-
mentum in the laboratory system, and Cou' meas
ures the strength of the elementary production
amplitude on a nucleon. The normalization of h,
which is of no consequence to us, is so chosen
that in the absence of any nuclear or Coulomb ab-
sorption one has' do/dt'= CDA'q~'.

In the data analyses, "dv/dt' ~ IFc,„,+ e'~F„„,&l'

was fitted by varying Co and the phase y to get the
best fit to the data An. essential criterion for the
goodness of the fit was that Co should not depend
on the nucleus. ' Gobbi et al. ,' however, do have
a solution for I (p-ay) with the rate varying from
a low of 5V+ 6 keV for Ag to a high of VV + 5 keg
for U with y =90' and Co decreasing monotonically
from 3.4+ 0.2 mb/GeV' for the lightest element
(Cu) to 1.8+ 0.3 mb/GeV' for the heaviest (V).

If ~ exchange were the only natural-parity ex-
change then the above criterion of constancy of
C, with A. would be appropriate. However, a vari-
ation of Co withe would be expected if an isovec-
tor natural-parity exchange were contributing.
A candidate is A., exchange with I =1 and 3
=2'. It produces an amplitude with the same Lo-
rentz structure as the ~ exchange, but 'because
it is an isovector the amplitude is proportional
to Z-N rather than A, N being the neutron num-
ber. For lighter nuclei this effect will be small
but it will grow in importance with A.. If the A, —

exchange amplitude interferes with the co-ex-
change amplitude one should expect an effect on

Co of the form

A~ /&u = 280/192 = 1,5

for the basic reaction on a nucleon.
In practice, absorption corrections will alter

the individual phases and magnitudes and an ap-
propriate general form for do'/dt' in P +(A, Z)- V+(A, z) is

dv/dt'~
~ Fc,„,+e'~AF +e' (N —Z)F„,~'. (4)

Clearly the advantages one gains by going to the
heavier nuclei are offset by the theoretical uncer-
tainties. Simple analysis can be done for N= Z
nuclei only.

The remarks on the importance of the A~ ex-
change for heavier nuclei will also apply to the
measurement' of I'(K*'-Koy).

In summary, the data analyses for I'(p- ~y)
(Refs. 1 and 2) and I'(K'*'- Roy) (Ref. 3) are sus-
pect for heavier nuclei insofar as one cannot as-
sume the constancy of the strength of the strong
production amplitude with A. . Reliable analysis
can be done only for the light nuclei with 1f=Z.
Indeed, for Cu, Gobbi et al. have I'(p -wy) =66
+ 8 keV for y =90'. At Fermilab energies (150 to
200 GeV/c) one will get a cleaner separation of
the Coulomb and strong production peaks with
little interference and our remarks will not ap-
ply. However, the disadvantage of going to high-
er energies is that the Coulomb peak shifts clos-

null relative phase between the ~ and A., ampli-
tudes for production on a nucleus. For nonexotic
reactions (Pop -I7*'p, m p-p p) the amplitudes
are rotating and have significant real and imagi-
nary parts (see, for example, Fig. 12 of Ref. 13
for amplitudes calculated with absorption effects
included). The actual phase varies from reaction
to reaction.

The sizes are determined mainly by the coupling
strengths. The co amplitude is proportional to

g~~,g~NN where g~» is the vector-coupling con-
stant. Similarly, the A, contribution is propor-
tional to 4m„g„z,g„,» (4m~ coming from con-
ventions). The meson coupling g„~, calculated"
from I'(~ —wy) together with vector-meson domi-
nance is g ~, =16 GeV '. g„,z, is calculated to be
=10 GeV ~ from I'(A, -pm). " The coupling g»
is accurately measured by the C-odd contribution
to the NN total cross section, while g~,» is well
determined by the value of dc'(m p- qn)/dt in the.
forward direction, where only the nonQip ampli-
tude contributes. From the detailed analysis by
Kane and Seidl" we find g~»—-12 and g„,» =V.
Thus the ratio of the sizes of the two contribu-
tions is of order
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er to the zero of t' and the data analysis will have
accompanying uncertainties.
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Using Monte Carlo techniques, we study pure SU(2) gauge fields in four and five space-
time dimensions and a compact SO(2) gauge field in four dimensions. Ultraviolet di-
vergences are regulated with Wilson' s lattice prescription. Both SU(2) in five dimen-
sions and SO(2) in four dimensions show clear phase transitions between the confining
regime at strong coupling and a spin-wave phase at weak coupling. No phase ch~~&e
is seen for the four-dimensional SU(2) theory.

The standard theory of hadronic interactions is
based on quarks interacting with non-Abelian
gauge fields. The viability of this picture depends
on the conjectured phenomenon of confinement,
wherein the only physically observable particles
are invariant under the gauge group. Thus far,
the only demonstration of this property is in the
strong-coupling limit and with a space-time lat-
tice regulating ultraviolet divergences. ' Approx-
imate renormalization-group arguments' suggest
that four space-time dimensions represent a cri-
ical case where confinement persists for all cou-
plings when the gauge group is non-Abelian. In

contrast, Abelian groups should exhibit a phase
transition to a nonconfining weak-coupling phase
containing massless gauge bosons. Thus arises

the conjecture that in our four-dimensional (4D)
world, the lattice formulation of electrodynamics
can avoid confinement of electrons, while the con-
tinuum limit of the strong-interaction gauge theo-
ry can exhibit asymptotic freedom, a vanishing
coupling at short distances.

Recent Monte Carlo results have given mixed
support for these arguments. For the four-di-
mensional gauge-invariant Ising model, the ob-
served transition is first order, contrary to the
approximate renormalization-group prediction of
a second-order transition analogous to that in the
conventional two-dimensional Ising model. ' How-
ever, for Z„with n~ 5 and SO(2) symmetries, the
predicted similarities between the four-dimen-
sional gauge models and the two-dimensional
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