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10 ' to 10 ', and for the Crab pulsar 10 ' to
10 . Clearly, a change in the value of M and

especially of R would affect strongly these limits.
It should be added that the calculated oblateness
of pulsars is very small so that the sudden ad-
justments in the shape are of the order of a cen-
timeter for the Vela and tenths of a millimeter
for the Crab pulsar. Thus it is hard to believe
that the strength of the crust or the frequency
of its quakes is seriously affected by details of
its external and internal shapes.

The author is indebted to Professor J. A.
Wheeler for criticism and advice and to Dr. R.
Ruffini for stimulating discussions.
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The production of the A& has been reported at 12.8 GeV/c in the reaction K+P —RP(87t).
It has also been reported at 9.0 GeV/c in the reactions K'P —KP(87t) and K'P IfP(4n).
At 12.0 GeV/c, with five times the data of the 12.8-GeV/c experiment and three times
the data of the 9.0-GeV/c experiment, we see no evidence for A1 production in any of
these reactions.

(Berlingieri et al. '),

K'p -K pw'w"m (2a.)

The A, enhancement' has been seen mainly in
the reaction s'p -A, 'p, A, ' -p'~', p' —n'n

where its interpretation as a resonance has been
questioned because Deck or other diffraction pro-
cesses may be present. ' In K'p interactions,
where A, simulating effects of this type are prob-
ably not so prominent, the observation of the A,
would greatly favor the resonance interpretation
independently of the concept of duality. '

Recently, observations of the A, have been re-
ported in the reactions

K'P -K 'P~'s-(~')

(Ref. 3 and Alexander, Firestone, and Goldha-
ber'),

K 'p —(K )pm'm'w (2b)

(Ref. 4), and

K 'P -K'P ~'~'~ -(~') (3)

(Ref. 4), in bubble-chamber experiments at 12.8'
and 9.0' GeV/c (the brackets indicate a particle
not detected). In our experiment at 12.0 GeV/c,
we have studied these reactions with a path
length corresponding to about 35 events/pb —at
least three times as great as in either of the
other experiments. '

All our events were measured on a spiral read-
er, which, in addition to the coordinate measure-
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ments, gave track ionization density information
useful in selecting among possible kinematic hy-
potheses. For each kinematic fit a bubble-densi-
ty chi square (Xs') was calculated. Fits to Reac-
tions (1), (2b), and (3), which have one con-
straint, were considered only if their X&' was
within 3 of the lowest Xz' of all hypotheses tried,
including missing-mass calculations. The most
probable reaction was defined to be that reaction
with the lowest sum of kinematics X' and bubble
density y'.

Reaction (1).—I'o make comparisons with other
bubble-chamber experiments more meaningful
we feel that it is necessary to state the criteria
used in selecting our sample of events for the
study of Reaction (1). We required that (a) there
be no four-constraint fit to the event with a con-
fidence level greater than 10 '; (b) Reaction (1)
be the most probable reaction and have a kine-
matic confidence level of at least 10 '; (c) in
case of a final-state ionization ambiguity between
the identities of the K' and the proton, the pro-
ton be taken to be that track with the lower mo-
mentum'; (d) the square of the four-momentum
transferred between the target and final-state
proton, It~~I be less than 1.0 GeV'.

The main ambiguities resulting from this selec-
tion involved the identities of the m'' and K''.
Some events of Reaction (2b) were included in the
sample of events of Reaction (1), whereas some
events of Reaction (1) were excluded from our
sample and called events of Reaction (2b). In

addition, the identities of the m' and K' were
interchanged in some of the events in our sample
of Reaction (1). By taking events of Reaction
(2a), ignoring the existence of the visible K de-
cay, and refitting them kinematically, we were
able to estimate that 8% of the events in our sam-
ple of Reaction (1) came from Reaction (2b). By
passing Monte Carlo-generated events' through
our reconstruction and kinematic fitting pro-
grams, we found that for 10 to 20k of the events
of Reaction (1) the wrong permutation of the iden-
tities of the final-state m' and K'was used. ' We
have examined the effects of these ambiguities
and believe that they do not qualitatively affect
the shapes of any of the distributions in our data.

We believe that the evidence presented for the
production of the A, in Reaction (1) in the Univer-
sity of Rochester experiment at 12.8 GeV/c (Ref.
3) (hereafter referred to as UR) consists mainly
of three observations as presented in their text
and their figures: (i) the observation of a peak
in the three-pion mass spectrum between 950
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FIG. 1. Three-pion mass spectrum for events in
Reaction (1) with (a) (tzz(- &.0 GeV', (b) )tzz~ - 0.3
GeV . The dots represent the data of Fig. 1(b) of Ref.
3 multiplied by 2.6.

and 1150 MeV; (ii) the confinement of this peak
to events selected from the periphery of the
three-pion Dalitz plot and its further great en-
hancement when a p-meson selection is applied;
(iii) the presence of a p'w' signal and absence of
a strong p'~' signal in the vicinity of the A, and
no apparent p signal of either type in the sum of
two control regions, above and below the A, . We
consider each of these three topics in turn.

The three-pion mass spectrum for the events
passing our selection criteria is shown in Fig.
1(a). We observe a broad plateau extending from
1.0 to 1.3 GeV, but no narrow peak at 1.0 GeV
corresponding to that seen by UR. ' Our resul'ts
may be quantitatively compared with those of UR
[Fig. 1(b) of Ref. 8; (t~~I

~ 1.0 GeV'] by evaluat-
ing the X' sum"

y ~ (AIR-8;)'
A +++
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where A; is the number of events in the ith bin of
the M(3w) histogram of UR, and B; is the number
of events in the corresponding bin of the M(3w)
histogram for this experiment. The parameter
8 is the ratio of the total numbers of events in
the two histograms. For the region 0.85 ~ M(3w)
- 2.0 GeV, 8 = 4.15 and y' = 98.4 for 22 degrees
of freedom. " The disagreement comes from two
regions: 0.9- M(3w) - 1.1 GeV and 1.65- M(3m)
~ 2.0 GeV. The discrepancy at higher mass is
most likely the result of a scanning selection by
UR against higher-momentum protons. "

To approximate better the conditions of UR,
Fig. 1(b) shows the events of Fig. 1(a) with the
restriction that ~tpp[

~ 0.3 GeV'. The dots in Fig.
1(b) represent the data of UR multiplied by 2.6.
The agreement between the two sets of data in
the region 1.3 - M(37r) - 2.0 GeV is striking. The
disagreement beyond M(3m) = 2.0 GeV is probably
because we excluded all our events with ~tripl
& 0.3 GeV2 from Fig. 1(b). For the region 0.85
- M(3w) ~ 2.0 GeV, 8 = 2.59, and )(' = 23.5 for 22
degrees of freedom —a confidence level of 0.37.
Even in the small region around the Ay 0 9
- M(37r) - 1.2 GeV, we have 8=2.54 and )(' =7.18
for five degrees of freedom —a confidence level
of 0.21. This means that the UR data are in sta-
tistical agreement with an experimental distribu-
tion containing more than two and a half times
the data with no peak at the A, mass. Note that
our sample of events with ~tpp~

~ 1.0 GeV' [Fig.
1(a)] contains more than five times the number
of events in the UR sample and also shows no
peak at the mass of the A, .

Selection by UR of events from the periphery
of the 3m Dalitz plot" resulted in enhanced pro-
duction of w'7t m' states in the vicinity of the A, .
The corresponding graph for our data is shown
in Fig. 2(a) (A- 0.006) where a 250-MeV-wide
plateau is observed from 950 to 1200 MeV. Se-
lection by UR of events from the center of the
Dalitz plot (A ~ 0.0065) showed no excess of
events around the A, . We see a similar effect in
our data (not shown). These observations can be
understood by considering the effect of any p pro-
duction present on the separation of events into
those in the center and those on the periphery of
the Dalitz plot. Figure 2(c) shows a normalized
Dalitz plot on which the locations of the contour
A =0.006 and the p' bands [0.67- M(2m) - 0.86
GeV] for M(3m) =1.0 GeV have been drawn. As
M(3w) increases, the p' bands decrease in width
and move across the plot in the direction shown

by the arrows. If we assume that the fraction of
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p in the final state is reasonably constant from
900 to 1400 MeV, then selecting events from the
periphery of the Dalitz plot will cause an en-
hancement in the region M(37r) when the p lies
mainly in the periphery of the Dalitz plot, i.e.,
below -1200 MeV. Similarly, when selecting
events from the center of the Dalitz plot we
should not see any enhancement below the point
where there is appreciable p in this area of the
plot, i.e., below -1200 MeV.

The w'm m' peak at the A, observed by UR in
the periphery of the Dalitz plot was seen by them
to be greatly enhanced when the events were re-
stricted to those consistent with coming from a
(p'w') intermediate state. This was taken to be
further evidence for A, production, although it
was stated that the enhancement might be due in
part to a kinematic effect. Figure 2(b) shows
those events of Fig. 2(a) consistent with the de-
cay of at least one charged p [0.67 ~ M(w'w')
- 0.86 GeV]. The enhancement at 1.0 GeV is
striking and looks very similar to the one ob-
tained by UR. We believe that this enhancement
can be understood as being entirely due to kine-
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FIG. 2. (a) Three-pion mass spectrum for those
events of Fig. 1(b) with A. - 0.006. (b) Three-pion mass
spectrum for those events of (a) in which at least one
(7r 7r ) combination has a mass between 0.67 and 0.86
GeV. The dashed lines are a prediction assuming a
completely uniform Dalitz plot (see text). (c) Normal-
ized Dalitz plot showing the contour A, = 0.006 and the
position of the p bands [0.67- M(71 7t ) - 0.86 GeV] for
M(37z) =1 GeV. The arrows show the directions in which
the respective p bands move for increasing ~(37t).
(d) The RPD-the fraction of the periphery of the Dalitz
plot (Ir. - 0.006) occupied by the p bands as a function
of m(3~).
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matics and therefore no resonance interpreta-
tion is necessary. " To show this we define the
rho probability distribution (RPD) as the fraction
of the outer Dalitz plot (A ~ 0.006) occupied by
the p' bands Li. e. , for M(3w) =1 GeV the value of
the RPD is the fraction of the outer Dalitz plot
in Fig. 2(c) occupied by the hatched area]. Fig-
ure 2(d) shows the RPD as a. function of M(3m).
A prominent enhancement is seen in the region
around 1 GeV. Thus, even a flat three-pion spec-
trum always appears to have a (pn) enhancement
in the outer Dalitz plot at about 1 GeV. The re-
sult of folding the RPD into the events in Fig.
2(a) is shown by the dashed lines in Fig. 2(b).
The shape of the experimental enhancement is
reproduced closely; the absolute normalization
is low by only about 15 lo. It should be kept in

mind that the dashed lines are the result of as-
suming a, uniform Dalitz-plot population (i.e. , no

p production), and so agreement to within 15%
is remarkable.

We now consider the two-pion spectrum as a
function of three-pion mass for events with ~t~~~- 1 GeV'. Following UR, we define regions be-
low, in, and above the A, as 840 to 940, 940 to
1140, and 1140 to 1240 MeV, respectively. Fig-
ures 3(a.) and 3(b) show the (w'w ) and (m'w') sig-
nals for events in Fig. 1(a) occurring in the low-
er region. No obvious evidence for the presence
of the p is seen or expected because of lack of
phase space. Figures 3(c)-3(f) show these distri-
butions for events in and above the A, region.
The existence of the p signal is apparent in the
upper control region, and its strength is compa-
rable with that in the A, region. " The ratio of
charged to neutral p appears to be the same
above the A, region as in the A, region, making
it unnecessary to invoke the presence of the A,
to explain the data.

Reactions (2a), (2b), and (3).—UR has 381 ex-
amples of Reaction (2a), and the 9.0-GeV/c K'P
experiment4 ha. s 456 events in Reaction (2a),
1475 in (2b), and 1141 in (3).

In our experiment, examples of Reactions (2b)
and (3) were chosen from the four-pronged and
V-four-pronged events, respectively, by crite-
ria similar to those used in the study of Reaction
(1). In addition, for Reaction (2b), we required
that the missing mass squared be negative when
the track fitted as a ~', and with the greater mo-
mentum in the laboratory frame, was interpre-
ted as a K'. This removed background produced
by the reaction K'p-K'pm'w (nw'), for n & 1, but
did not change the shape of the distribution of
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FIG. 3. (a), (c), (e) The (Tt+7r ) mass distribution for
events of Fig. 1(a) below (900 events), in (2559 events),
and above the A& region (1411 events), respectively.
(b), (d), (f) The sum of the (m'7t ) and (7t 71 ) mass dis-
tributions for events of Fig. 1(a) below, in, and above
the A& region, respectively (two combinations per
event) .

interest, namely M(w'w'm ). Reaction (2a) comes
from seven-constraint fits to the V-four-pronged
events and is unambiguous.

Imposing the requirements that ~tzzl
~ 1.0 GeV2

leaves us with 1454 examples of Reaction (2a),
5431 examples of Rea, ction (2b), and 2647 exam-
ples of Reaction (3). The relevant three-pion
mass spectra are shown in Fig. 4. There is no
evidence of A, production in these data, especial-
ly after we have removed from Reaction (3)
events where one of the m' is consistent with com-
ing from the decay K*'(890) -K'w', a competing
reaction (see hatched graphs in Fig. 4).

In summary, we conclude that there is evi-
dence in our experiment against the production
of the A, in Reaction (1) with a cross section
greater than 5 pb, and that there is no convinc-
ing evidence for its production in the data pre-
sented by UR, where a production cross section
of 40 pb was quoted. There is also no evidence
in our experiment for A, production in Reactions
(2a), (2b), or (3) with a cross section greater
than 5 pb.
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channel mechanisms such as these are just alternative
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R. Dolen, D. Horn, and C. Schmid, Phys. Rev. 166,
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FIG. 4. Three-pion mass spectra for events with

~t&& ~

—1.0 GeV . The hatched events are those with a
competing E*+(890) removed. (a) M(m+7t+x ) from Re-
action (2a). {b) M(m x+7|. ) from Reaction (3). (c) M
(x+x w ) from Reaction (3), two combinations per event
(d) M(x+7t+71 ) from Reaction (2b).
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600 000 pictures were taken in the Stanford Linear
Accelerator Center 82-in. hydrogen bubble chamber
exposed to an rf-separated, 12-GeV/c X+ beam. For
a description of the beam see S. Flatte, Lawrence Rad-
iation Laboratory Group A Physics Note No. 746, 1966
(unpublished) .

The validity of this procedure was checked on the
scanning table.

Such events constitute only 6.5% of our sample. The
general &eatures of ~p interactions at high energies
make it very unlikely that this assignment will be in-
correct.

We have used the program PHONY [E. Burns and
D. Drijard, Trilling-Goldhaber Technical Note No. 143,
1968 (unpublished)] to generate the events. The PHONY
results were checked by comparing their predictions
for the ~ mass region with what was actually observed,
and they were found to be good to a few per cent.

The percentages increased from the lowest to the
highest value given as a monotonic function of M(37t).
The total losses from misidentifications and measure-
ment failures were estimated to be about 15% at the ~
mass and about 23% at M(3x) =2 GeV.
' By plotting the three-pion mass spectrum in finer

bins, we are able to estimate our 37t. mass resolution
in the ~ region as being. about +14 MeV.

See, for instance H. Cramer, Mathematica/ Methods
of Statistics (Princeton Univ. , Princeton, N.J., 1946),
p. 448, formula (30.6.2).

We exclude the ~ region because as a result of its
narrow width small systematic differences or differ-
ences in resolution could cause large differences in
the X value. We limit our comparison to the 3z mass
region above 0.85 GeV.

3P. Slattery (University of Rochester), private com-
munication. The (t&&~ - 1.0 GeV cut mentioned by UR
referred only to those events scanned for in an unbi-
ased way. Two thirds of the data used for the sample
of events of Reaction (1) came from the measurement
of events selected by requiring that a dark proton track
be identified on the scanning table. The scanning effi-
ciency for these events was mearly 100/0 for ~t&& ~

—0.3
GeV and decreased rapidly with increasing ~t&&

The inner and outer regions of the Dalitz plot are
delimited by a contour which contains 50% of the events
resulting from the decay of a 4 =1 system (i.e., a
decay matrix element of the form ~P+ xP ~, where P+
and P are the three-momenta of the ~+ and the 7t

respectively, in the 37' c.m.) We define this contour
using the parameter X= ~(P+ xP )/(Q +2@m) ~, where
Q is the total kinetic energy of the three pions in their
c.m. and m is the sum of the masses of the three pions.
This definition of A, is an energy-invariant generaliza-
tion of the definition given in Ref. 3 and is also the one
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used by UR (private communication from P. Slattery) .
The value of & used is 0.006 (UR used 0.0065).
' The technique we use is similar to that used in study-

ing the kinematical origin of the B meson. See, for ex-
ample, A. H. Rosenfeld, N. Barash-Schmidt, A. Bar-
baro-Galtieri, L. R. Price, P. Soding, C. G. o&l,

M. Roos, and W. J. Willis, Bev. Mod. Phys. 40, 77
(1968); S.-Y. Fung, W. Jackson, B. T. Pu, D. Brown,
and G. Gidal, Phys. Hev. Letters 21, 47 (1968).

Adding the control regions together causes the p sig-
nal to be obscured. This explains the absence of any
indication of the p signal in Figs. 3(b) and 3(d) of Ref. 3.
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ac- FIELD-INDUCED GRAND JEAN PLANE
TFXTURE IN MIXTURES OF ROOM- TEMPER-
ATURE NEMATICS AND CHQLESTERICS.
W. Haas, J. Adams, and J. B. Flannery [Phys.
Rev. Letters 24, 577 (1970)].

Reference 6 should read, "W. Haas and J. Ad-
ams, J. Flectrochem. Soc. 116, C297 (1969)."

DYNAMIC SCALING THEORY FOR ANISOTROP-
IC MAGNETIC SYSTEMS. E. Riedel and F. Weg-
ner [Phys. Rev. Letters 24, 730 (1970)].

Part of a crucial sentence has been omitted in
the course of printing. Following Eq. (11), in-
sert "In the critical regime, 7 «q' '«4' +, on
the ~ ~ ~"
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