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SU(3) singlet is taken into account, the "unbroken"-
SU(3) decay-rate predictions (well satisfied by estab-
lished supermultiplets) are consistent with present
crude experimental values for most resonances, pro-
vided only that the Zw/Aw ratio from "1680"decay is
large. The significant inconsistencies which do exist
are due entirely to the -*(1815)decay rates. See
M. Goldberg et al. , Nuovo Cimento 45A, 169 (1966);
N. Masuda and S. Nukomo, to be published.

See P. Schlein, .in Lectures ~ Theoretical Physics,
edited by Wesley E. Brittin et al. (University of Colo-
rado Press, Boulder, Colorado, 1965), Vol. VIIB,

p. 111; J. Leitner, ibid. , p. 43.
~For example, the observation of a F&*(1385) Z g+

signal of a size compatible with the accepted Zov /Aw+

branching ratio, etc.
Using the accepted M and I' parameters of the

Y*(1385)and F*(1910), the best "three-resonance" fit
(y probability of 84%), which is shown as the solid
curve of Fig. 2(c), yields the values jf=1702+11MeV,
I'=108 +24 MeV for the F&*(1695). This is consistent
with the world average given in our first paragraph, ob-
tained by averaging out best values of I and F with
those quoted by the other experiments.

MEASUREMENT OF THE LOW-ENERGY END OF THE p, DECAY SPECTRUM*

S. E. Derenzo and R. H. Hildebrand
The Department of Physics and The Enrico Fermi Institute, The University of Chicago, Chicago, Illinois 60637

(Received 8 February 1968)

Precise measurements' 4 above 25 MeV have
shown that with appropriate radiative correc-
tions, '~6 the Michel formula'

N(y; p, fl) =4(1+2f7y,) '(y'-y, ')'"[3y(1-y)

+(-')p(4y'-3y-y. ') +3yof7(1-y)] (1)

(where y =E/Emax, E =total electron energy,
Em~ =52.83 MeV, and yo =me/Em~)' gives
an excellent fit to the upper half of the p-de-
cay spectrum when the parameters p and g
are given the values p=-,', q=0 corresponding
to a V-A theory. For experiments in the 25-
to 53-MeV range, however, the correlation
between the parameters is such' that g can be
derived only by assuming a precise value (e.g.,
—,) for p, and p can be derived only by assum-
ing a precise value (e.g., zero) or a range of
possible values (e.g., ——,

' to +—,') for f7. By con-
trast, in our energy range (1-7 MeV) p and

g are almost decoupled, so that we can make
a significant two-parameter fit.

The significance of the low-energy yield be-
comes evident if we analyze the decay process
in the charge-retention ordering. The v-v cor-
relation then plays the same role as the e-v
correlation in p decay and the parameter I7

of Eq. (1) is a measure of that correlation through
the electron "recoil" spectrum.

Our spectrometer was a 10-liter hydrogen
bubble chamber in a 21-kG field exposed to
a beam of stopping p, and n from the Chica-
go synchrocyclotron. The film was scanned
so as to produce two distinct samples. Sam-
ple 1 covered the whole spectrum as seen in
every hundredth frame and sample 2, taken

from all other frames, consisted of events
with projected radius r &2.5 cm. This radius
corresponds, for zero dip-angle events scanned
at 2x magnification, to -7 MeV/c. The spec-
trum from sample 2 is shown in Fig. 1.

The calibration of the chamber -as a low-mo-
mentum electron spectrometer is described
elsewhere. ' Briefly, the standards used were
the following: (a) two internal-conversion elec-
tron lines of energies -—,

' and 1 MeV (momen-
ta of 0.875 and 1.414 MeV/e) from a Bi"' source
deposited in a thin layer on 1-mil polyester
strips stretched through the chamber, (b) the
high-energy cutoff of the p, -decay spectrum
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FIG. 1. Low end of spectrum. Points show distribu-
tion of events below 7.4 MeV/c found among 530 000 de-
cays of all momenta. Curves show spectra calculated
for q =0 and q = —0.5 assuming p =4, radiative correc-
tions as in Ref. 5, and spectrometer resolution as giv-
en by Eq. (2). Arrows show limits of momentum range
used in analysis (2444 events in this range).
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(52.83 MeV), and (c) Dalitz electron pairs from
radiative m capture in hydrogenm (pair ener-
gy =129.6 MeV).

The momentum distribution f(p) correspond-
ing to an electron line of momentum pf (MeV/c)
was found to be

(2)

where, to good approximation, I"=(8.2+24/Ps)
is the full width at half-maximum in percent.
The shape of the lower half of this function is
not directly verified for P~ & 1.4 MeV/c (except
insofar as the 130-MeV Dalitz pairs provide
a valid test) but since (a) the measured values
of I' agree with the calculated values at —,', 1,
52, and 65 MeV, (b) the upper half is well de-
termined and gives a good fit at 52 MeV, (c) the
lower half varies as expected with magnetic
field (7, 14, and 21 kG) at —,

' and 1 MeV, and

(d) the large radiative losses which contribute
to the extreme low end of fQ) usually cause
visible 5 rays or kinks which are taken into
account by detailed measurement, we assume
that the shape is adequately represented by

(2) throughout our momentum range.

As Eq. (1) is valid only for unpolarized p's,
we should expect an error if muons emitted
along the field 8 and those emitted opposite
to B were detected with different efficiency.
The following checks were made: (a) The spec-
trum from beam muons which moved nearly
perpendicularly to B was analyzed separately.
The result is not significantly different from
that yielded by muons from m+ decay in the cham-
ber. (b) When the cutoff chosen for the dip an-
gle g of the electron track with respect to the
plane perpendicular to B is reduced from ) sink )

&0.7 to [sire ( &0.4, the result is again not sig-
nificantly affected (Table I).

Momentum-dependent corrections are made
for annihilation in flight (--,'%), systematic mo-
mentum errors (-1%), measuring inefficien-
cy (-6-16%),"and scanning inefficiency (-4-
15%) (figures refer to sample 2). The deter-
mination of scanning inefficiency is based on
two scans of —, of the film and four scans of
the remaining —,'. The quadruple-scan data pro-
vide corrections for the tendency of different
scanners to miss the same events.

We estimate that for sample 2 the errors
associated with the various corrections con-
tribute as follows to the error in the determin-

Table I. Measured values for q and p.

Sampl, e
(or Experimenter)

Momentum Range
(units:m„c/2)

0.05-0.90

0.05-0.25

0.03-0.13

Q. 03-0.13

0.03-0.13

0.03-0.13

oe03-0. 13

0.03-0.13

-0.4 + 1.0
-0.32 + 0.29

0.760 + 0.037

-=0/4

=-g/4

-Q. a4 + 0.56

-0.13 + 0.36

-o.49 + o.36

-o.24 + o.36

-=6/4

-=5/4

-=5/4

-=5/4

-0.24 + 0.61 0.76 + 0.07

Remarks

fit: X = 14.4; 16 deg. freed. om2=

Low mom ~ end 0f sample 1
fit: X = 8.5; 9 d.eg. freed. om

= 8.5; 8 d.eg. freed. om2=

On basis of shape alone

p+ beam only (p, d. ip Oo)

beam only (u. dip 0 -90 )

dip cut off reduced from 44 to 24

whole spectrum (-2.0 + 0.9)PIANO (ref 12)

PEOPLES (ref 1)

SHER/OOD (ref 2)

~ o.4

& 0.5

+0.05 + 0.5

-0.7 + 0.6

-0.7 + 0.5FRYRERGER (refs 3, 4) & 0.4$

Refs 1-4 combined & o.4

Samp. 2 and refs 1-4 0.03-Q. 13, &0.4 -0.31 + Q. 30

0.745 + 0.025 Author d.iscounts value for q

-=5/4

=5/4

-=5/4

7 =- 0 yield. s p = 0.7503 + 0.0026

a = 0 yields p = 0.760 + 0.009

g = 0 yields p = 0.762 + 0.008

0 ' 752 + 0 005 Error on p csp. to assumed. limits on g

0.751 + Q. 003 See fig

Sample 1: events from every hundredth frame. Sample 2: events of projection radius &2.5 cm from all other
frames.
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FIG. 2. p-g correlation. (a) The two-parameter fit
is indicated by the triangle and ellipse (at one stan-
dard deviation). The nearly vertical lines show the
correlation from the higher momentum measurements
of Refs. 1-4 where the slopes and intercepts are weight-
ed averages (slope for Ref. 1 inferred from uncertain-
ties given for p and q). (b) The one- and two-standard-
deviation contours which result when the data of this
and the previous experiments are combined. (p scale
greatly expanded. )

ation of rp Af(p) - Aq = 0.12, AI" —Aq = 0.11,
Ap - b, i) =0.12, measuring inefficiency- Ag =0.08,
scanning inefficiency —Ag = 0.11, and statisti-
cal error —Ag = 0.16. Combining these errors
we obtain g=-0.32+0.29 for p=-4. The two-
parameter fit gives g = -0.24 ~ 0.61, p = 0.76
+ 0.07. Consistent results are obtained by an-
alyzing sample 2 on the basis of the shape alone,
and by analyzing the portion of sample 1 below
13 MeV (Table I). Our figure p =0.760+ 0.037
(q= 0) for sample 1 agrees well with the more
precise values (Table I).

When we combine our data with those from
previous measurements as indicated in Fig.
2, we obtain the result

g = -0.31+ 0.30, p = 0.751 + 0.003.

Although no significant limit has heretofore
been placed on g by direct measurement" (ex-
cept by assuming p to be precisely —,') it has
been possible to predict limits as follows: For
a V-A theory, g=0. For a two-component neu-
trino hypothesis, g is restricted by the rela-
tionship vP

~ 4(1-$') to the range (q ( «0.11~0-',»
where g (measured value, "0.975+ 0.015) is
the asymmetry parameter. " If we make no

assumption about S, T, and P then g is limit-
ed by the requirement that (1) be everywhere
positive to g& [—,'p-I] or, for p =-,', to q&-—,';
and it is further limited by the relationship'
rp ~ (I-h') to the range (i7( ~0.49, where h

is the helicity (average of measured values
=1.00+ 0.13).' Our result (3) is seen to fall
within this limit.

We are continuing the experiment under im-

proved conditions, and V. L. Telegdi and his
associates are preparing an independent mea-
surement in this laboratory at somewhat high-
er momenta using a wire spark-chamber spec-
trometer.

We wish to thank S. Berman, D. Fryberger,
and V. L. Telegdi for enlightening discussions.
We are grateful to S. Lucero, R. Klem, J. Klems,
C. Rose, and C. Vossler for assistance in the
chamber operation.
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