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written

7 {v)=z(t,t ] 7 {v)+q(t,t } T {v)+o 6 T {v),ab, nP n' Pab

where a and 5 designate the isospin indices of the target pion in the initial and final states, respectively, and a
and P those of the incoming and scattered pion. (t~)p~ =-i{..zp~. T (v) is antisymmetric in v, while T (v) and
T (v) are symmetric in v. Identifying the amplitudes in the above with the isospin amplitudes [G. F. Chew and
S. Mandelstam, Phys. Rev. 119, 467 (1960)], we obtain

T = T + T +T T = T + T +T
7r 7r

2 2 y + + 2 2 ~r 7r

From these follow

Im3K = gpg[0 +—0 + +],
7r Yr 7r

where q is the pion momentum in the laboratory system.
Without knowledge of the functional dependence of JK upon ko, this continuation is not well defined. If one ex-

presses the integral in the center-of-mass variable and continues in mass from kp =0 to ko =p, keeping energy s
fixed, under the assumption that all of the mass dependence is contained in the form factor, we expect for an arbi-
trary mass ko

% (s, k ) = = R ~~( )I X (,&0=V).

For further discussion of this continuation problem see reference 5.
L, M. Brown and P. Singer, Phys. Rev. 133, 8812 (1964).

i~In the process of continuing the scattering amplitude in the pion mass (reference 9), there exists a certain am-
biguity in the lower limit of integration in (11). If the physical pion mass p is taken for this instead of 2@~5 as in
the case of the pion-pion forward-scattering dispersion integral, the value of the integral increases approximately
by 10%, resulting in I Gg/G~l=1. 38.

~ S. C. Wojcicki, G. R. Kalbfleisch, and M. H. Alston, Phys. Letters 5, 283 (1963); D. H. Miller, G. Alexander,
O. I. Dahl, L. Jacobs, G. R. Kalbfleisch, and G. A. Smith, Phys. Letters 5, 279 (1963).
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Since measurements' of electron-pair pro-
duction at high momentum transfers indicate
a deviation from quantum electrodynamics,
the question of the existence of a heavy elec-
tron has been revived. Low' suggested that
an excited electron could be produced by the
reaction e +p —8 *+P with the subsequent decay
e*-e+y. A search for such a particle has
been carried out at Orsay by observing the
recoil proton. A negative result was found for
the mass range 240 to 570 MeV (with X &0.15
at 570 MeV). Using electron-proton coincidences
we have extended these measurements for mass-
es me* from 0.5 to 1.0 QeV. No evidence for
a heavy electron was found. From the upper
limits of the cross section, a value X &0.02
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could be deduced where (Ae/me*) is the coup-
ling constant for the heavy electron.

Since the production process is a two-body
reaction, the proton momentum is well defined
for a given proton angle (and vice versa). Hence
an excited electron would show up as a peak
in the proton angular and momentum spectrum.
The large background from inelastic processes
(pion production and radiation losses) can be
reduced almost completely for the major part
of the kinematic region by measuring electron-
proton coincidences.

For the measurements an apparatus has been
used which had been set up for the investigation
of elastic e-p scattering. ~ In a straight section
of the synchrotron a liquid-hydrogen target is
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positioned which is viewed by two single-quad-
rupole spectrometers with a resolution of ~
full half-width. The solid angles of the proton
and the electron arm were 5, 6 and 4, 6 msr,
respectively. A shower counter was used in
the electron spectrometer in order to distin-
quish electrons from pions. Only a crude r-
proton discrimination by pulse-height selection
was necessary in the proton spectrometer since
e-m coincidences are rejected almost complete-
ly by the overdetermined kinematics. Because
of the geometrical limitations, the minimal
angles are 32' and 54.4' for the electron and
proton, respectively. In order to get a large
cross section the production angle 8+ of the
heavy electron should be small. %ith consid-
eration of the geometrical and other experimen-
tal limitations, the smallest possible produc-
tion angle was chosen for each primary ener-
gy (see Fig. l).

By varying the proton angle y~ and selecting
the proper proton and electron momenta, differ-
ent values of the heavy electron mass can be
investigated. The proton angle was changed
in steps of 0.5' from 54.4' to 62'. Since the
spectrometer was touching the synchrotron
magnet the measurement could not be extend-
ed to smaller angles. Since the acceptance
of the spectrometer was 2' a resonance should
involve at least 3 points. Most of the measure-
ments were performed at an incident electron
energy of 4 GeV. The results are shown in
Fig. 1. For the mass range me*= 500 to 900
MeV the counting rates are practically zero.
A steep rise was observed, however, for m~ ~

&900 MeV. In order to investigate this effect
further measurements at 4.5 and 5.5 GeV were
carried out. The latter results are also dis-
played in Fig. 1. At 5.5 GeV no rise in the count-
ing rate was found. This shows that the steep
rise at 4 GeV cannot be attributed to a heavy
electron. By additional measurements at 3.5
GeV, it was possible to establish unambiguous-
ly that the observed counting rates correspond
to the electroproduction of pions with interme-
diate isobar masses around 2.3 GeV. The steep
rise in the 4-GeV data is mainly due to a kine-
matical enhancement (solid curve in the figure).
One approaches the maximum possible proton
angle in the laboratory system where the ra-
tio of the solid angle in the center of mass to
that in the laboratory system becomes large.
In addition there seems to be a rise of the count-
ing rate due to the resonances near 2.2 GeV.

N coin/10 i e

20 '

4 GeV

8 -32'
8" 10'

10-

62

P

"~
I

0.5 0.6 0.7 0.8

l PROTON ANGLE Vp
S64 Sf 4

0.9 1.0 me [GeV]

Ncoin/&o-'e

30 ~

55 GeV
8-32'
8"-7.5'

20

10

o COINCIDENCES
{RANDOM EVENTS SUBTRACTED)

x RANDOM EVENTS

6&' 60' ioo 584 S~' 564

0.5 0.6 0.7 0.8 0.9 1.0 me» [GeV]

A detailed account of the electroproduction
measurements will be reported elsewhere. '&'

From the observed counting rates upper lim-
its of the cross sections for the production
of heavy electrons can be deduced. They are
shown in Table I. If these experimental results
are compared to theoretical cross sections'&'
computed with the coupling suggested by Low, '
one can infer upper limits for the coupling con-
stant ~. Our results are compatible with ~
g4 x10-» whereas ~'-1 could be expected the-
oretically. Hence a heavy electron with a mass

FIG. 1. The e-p coincidence rate per quantameter
charge as a function of the proton angle yp for 4 and
5.5 GeV primary electron energy. The constant of the
quantameter [H. R. Wilson, Nucl. Instr. 1, 101 (1957)]
was 4.85 &&10 MeV/C. One g-p coincidence per 10
C corresponds to a cross section of 2.05 &&10 4 cm /
sr2. Each proton angle corresponds to a certain mass

of the heavy electron which is also indicated in
the figure. The solid curve has been calculated for
the competing electroproduction of single pions taking
into account the phase-space factor only.

901



VOLUME 15, NUMBER 23 PHYSICAL RK VIEW LKTTKRS 6 DECEMBER 1965

Table I. Upper limits on the experimental cross section for the production of a heavy electron with mass ~ *.
The theoretical cross section and lower limits on A, are also shown.

m, +tMeVy

500
600
700
800
900

1000

(g20/gQ LabgQ Lab)
(10-33 cm2/sr2)

0.41
0.41
0.41
0.41
0.41
1.10

{~~/~Q cm)

{10—33 cm'/sr)

1.53
1.07
0.80
0.65
0.52
1.59

(e~/en, *cm)theo
(10-"cm'/sr)

7.44
5.32
3.52
2.48
1.84
2.60

&H.4
a.4
&~.5
&&.7
& 1.7

between 0.2 and 1 GeV does not exist. The lim-
its on ~ also imply that the pair production re-
sults must be explained in a different way. vy
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%'e report in this note calculations of the re-
normalization of the semileptonic weak coupling
constants by the U(3) symmetry-breaking in-
teractions. Our consideration is based on a
phenomenological field-theoretical model of
U(3) symmetry breakdown, which is an exten-
sion of the idea that the symmetry breakdown
is dominated by the nonvanishing expectation
value of the scalar field S„.'&2 The conclusions
of this paper depend essentially on meson-pole
dominance approximations. Details and other
related results will be submitted for publica-

tion elsewhere
In this model, we assume that the phenome-

nological Lagrange function for the 0 meson
fields 4~y, 1 meson fields V~y, and ~+ bary-
on fields 4'~~ is of the form

+Z.
ant

where Z, is the free-field Lagrange function,
Pint represents the U(3)-symmetric strong in-
teractions, and Z» effectively represents the
symmetry-breaking effects resulting from the
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