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Fig. 1.

(3) The cross sections at 102 and 405 GeV for
M?<10 GeV? are, respectively, 4,5+0.4 and 3.5
+0.5 mb (after multiplying by 2).® Taking into
account differences in background we conclude
that this low-mass diffraction-dissociation region
contributes about half of the total “diffractive”
component of 6—-7 mb.

In Fig. 3 we show the invariant cross section
versus x for various P,? slices of the data.
Where possible we have made comparison with
the NAL * and IST® counter data and find good
agreement within the limited statistical accuracy.

In Fig. 4 we show the invariant cross section
versus P’ for various x slices of the data. The
P ;% dependences do not show any marked varia-
tion with x or s. In the P, region where our
data overlap the ISR data the agreement is good.
We see no evidence for turnovers or dips at
small P,

We thank the members of the NAL neutrino
laboratory, the accelerator operations group,
and the liaison staff for aid in obtaining the ex-
posures. We also thank our scanning and mea-
suring personnel for their untiring cooperation.

*Research supported in part by the U. S. Atomic En-
ergy Commission.

TPresent address: Nevis Laboratory, Columbia Univ-
ersity, New York, N. Y. 10027.

fA. P. Sloan Fellow.

ISee the reviews by J. C. Sens, in the Proceedings

of the Conference on Recent Advances in Particle Phys-
ics, New York, New York, 15—17 March 1973 (to be
published); and by P. Slattery, in Experiments on High
Enevgy Pavticle Collisions, AIP Conference Proceed-
ings No. 12, edited by R. S. Panvini (American Institute
of Physics, New York, 1973).

2For 205-GeV/c n”p data, see F. C. Winkelmann
et al., Lawrence Berkeley Laboratory—NAL Report No.
LBL-2113 (unpublished); G. S. Abrams et al., Lawrence
Berkeley Laboratory Report No. LBL~-2112 (unpublished).

%We estimate the overall systematic uncertainties in
the cross sections for the inelastic two-pronged chan-
nels in the region x <—0.99 to be £10% at 102 GeV and
+25% at 405 GeV. The separation between elastic and
inelastic events is particularly questionable for mo-
mentum transfers below 200 MeV/c. See C. Bromberg
et al., University of Michigan—University of Rochester
Report No. UMBC 73-18 and UR-459 (to be published).

‘K. Abe et al., Phys. Rev. Lett. 31, 1527, 1530 (1973);
F. Sannes ef al., Phys. Rev. Lett. 30, 766 (1973).

’Data from the ISR onp +p —z + anything [L. Foa,
Rapporteurs talk in Second International Aix-en-Pro-
vence Conference on Elementary Particles, Aix-en~
Provence, France, 6—12 September 1973 (to be pub-
lished)] indicate that the nucleon background in the re-
gion x <= 0.9 from nondiffractive events in small.

6Sum]rnar'y talk by J. Whitmore, APS Division of Par-
ticles and Fields Meeting, Berkeley, California, 13—17
August 1973 (to be published); S. J. Barish et al., Phys.
Rev. Lett. 31, 1080 (1973).

"For recent experimental summaries of the triple-
Regge subject see D. W. G. S. Leith, SLAC Report No.
SLAC-PUB-1330, 1973 (unpublished); and Foa, Ref. 5.

At 205 GeV the corresponding cross section for M2
<10 GeV’ is 3.4%0.5 mb (Ref. 6; S. Barish, private
communication).

M. G. Albrow et al., Nucl. Phys. B54, 6 (1973).

Evidence for the wnm Decay Modes of the A, and w(1675)
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(Received 29 October 1973)

We present evidence for the decay A2°—>w1r+1r" with a branching ratio I'(4,—~wmm)/T(4,
—p7)=0.28+0.09 and for the decay w(1675)~ wn*r~ with a branching ratio I'(w(1975)
—wrtn”)/T{w(1675) ~p7T)=0,47+0,18, Evidence is given for an intermediate B(1235)7

state in the w(1675) decay,
We present evidence for enhancements in the
w7'r” mass spectrum in the 1.3- and 1.65-GeV

regions, which we identify as decay modes of the
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A, and the w(1675), respectively. Enhancements
in these regions have been reported in several
experiments.'”® In addition, we give evidence
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for the cascade decay of the w(1675) through the
B(1235), i.e., w(1675)—~ B, B—~wm.

The data are from a 930 000-picture exposure
of the Argonne National Laboratory 30-in deute-
rium bubble chamber to a 6.0-GeV/c 7* beam at
the zero-gradient synchrotron. The five- and
six-prong and three- and four-prong events were
fitted with

ntd=pprtnTntnn® 1)
and
rtd—-pprina°, (2)

respectively, where p, refers to the spectator
proton. Ionization information was used in select-
ing the fits. Ambiguities between fits with and
without a neutral pion were resolved in favor of
the latter. Ambiguities among fits with neutral
particles were resolved in favor of the fit with
the highest x* probability. The data were subject-
ed to the following cuts: specator momentum
<0.250 GeV/c, —0.4<(MM)?><0.3 GeV2, X2 prob-
ability = 0.01 for events with (MM)? <M o, and
x? probability >0.1 for events with (MM)?>M 0%,
where (MM)? is the square of the missing mass.
After the above cuts the sample consists of 15816
fits with Reaction (1) and 18 619 fits with Reaction
(2). We have further selected events with #' <1.5
(GeV/c)?, where t'=|t~t,;,l, withtthe square
of the four-momentum transfer to the outgoing
multipion system and ¢ ;, the minimum ¢ for a
given multipion effective mass. Cross sections
have been calculated for this ¢’ interval.

Figure 1(a) shows the 7*7"7° mass distribution

FIG. 1. (a) n*r 7" mass distribution from Reaction
(1) (four combinations per event). (b) 57 mass distribu-
tion from Reaction (1). (c) Same as (b) but for six-
prong data only. (d) 57 mass distribution from Reaction
(1) for six-prong events having at least one neutral 37
combination in the w region. (e) 37 mass distribution
from Reaction (2). (f) 37 mass distribution from Reac-
tion (2) for events having at least one 2 combination
in the p region. (g) Fitted number of w events above
background as a function of the 57 mass for Reaction
(1) (six-prong events). (h) Fitted number of B events
above background as a function of the 57 mass from Re-
action (1). The curves on (c), (d), (f), and (g) are fits
to the data using an incoherent sum of two Breit-Wigner
terms plus a modified phase-space background; in
(), (d), and (f) we used free mass and width param-
eters; in (g) the fit was obtained using masses and
widths fixed at the values obtained in the fit to (d). The
solid curve in (h) is a fit with one Breit-Wigner term
plus modified background; the background is indicated
by the dashed curve.

from the 57 channel (four combinations per event).
A fit of a Gaussian function to this histogram for
the w meson with phase space modified by a poly-
nomial yielded 2709+ 110 w events above back-
ground.” Figures 1(b) and 1(c) show the 57 mass
distributions from Reaction (1) for the total sam-
ple and the six-prong subsample, respectively.
There are suggestions of enhancements in the
1.3- and 1.65-GeV regions, which are seen more
clearly in the more tightly constrained six-prong
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data. An 7’ signal is evident near 0.96 GeV. We
then select events for which at least one neutral
37 mass combination is in the region 750 <M,
<825 MeV and plot the resulting 57 mass distri-
bution for the six-prong data in Fig. 1(d). Fits
to the distributions in Fig. 1 are described in the
caption. The enhancements at 1.3 and 1.65 GeV
are again clearly visible, but this does not prove
that the effects correspond to wnm decays, since
there is a high probability for any low-mass 57
system to have at least one 37 combination in the
above-defined w region. Therefore, we show in
Fig. 1(g) the w signal as a function of the 57 mass
for the six-prong events.® There are distinct
peaks in the spectrum in the 1,3- and 1.65-GeV
regions. A fit to this spectrum using masses and
widths fixed at values found in the fit to Fig. 1(d)
gives our best estimates for the number of true
wnm decays for the two enhancements.

Figures 1(e) and 1(f) show for Reaction (2) the
total 7*7”7° mass distribution and the 7*7 " 7°
mass distribution for events with at least one di-
pion mass combination in the p mass region (0.68
<M ,;<0.84 GeV).? Identification of the 1.3- and
1.65-GeV wnm enhancements with decays of the
A, and w(1675) mesons is supported by the ob-
servation of strong A, and w(1675) signals in
these distributions. The A4, and the w(1675) sig-
nals in the separate p*, p~, and p° selections
(not shown) are consistent with the expected
branching ratios for the =1 and 7 =0 states.

The fits in Figs. 1(c), 1(d), and 1(g) yield 57
+15, 62+16, and 57+ 17 A, events, consistent
with the interpretation that this A, decay pro-
ceeds entirely through the wm7 channel. Masses
and widths obtained from the fits to Figs. 1(c)
and 1(d) are consistent with the values obtained
from the fit to the 37 mass distribution of Fig.
1(f). Our best estimates of the masses and widths
from fits to the A, peaks are listed in Table I.
After a 10.4% correction for unobserved decay
modes of the w, we obtain the branching ratio
(A, ~wmr)/T(A, ~pm)=0.28 £ 0.09.*° From Re-
action (2) we obtain the cross section o(7*n—~A4,%,
AL ~pm)=65+11 b,

In Figs. 2(a) and 2(c) we show the ¢’ distribu-
tions for the 4,~p7m and 4, - w7T events. The
numbers of resonant events above background
were obtained from fits to the mass plots for
each ¢’ interval. These distributions are com-
patible with two decay modes of the same state.
Fits of the data in Figs. 2(a) and 2(c) with the
form Ae "%’ give slopes b=2.0+0.6 and b =2.7
+0.5, respectively. Studies of the decay angles
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TABLE I, Masses, widths, and branching ratios for
decay modes of the 4, and w(1675). The A, branching
ratio is normalized to the p*m™ mode; the w(1675)

branching ratios are normalized to the p**%7**? mode.
In the table the notation 5™ means m*r*r™ 7" 70,
Branching
Decay M r ratio
mode (MeV) (MeV) (%)
A2—>w7r+7r' 13259 74 £20 28+ 9
—ptg® 1313+8  135+21
w(1675) —~ 5T oo e 97+ 28
—wrtn” 1660+ 13 122+ 39 47+18
— B* ¥ ces ce 32+16
—p*:0p¥.0 1678+ 14  167+40

and their moments gave no further information
about the wnm decay of the A,.

In a previous experiment,' the w7 decay of the
A, was reported to be associated with an w7 res-
onance having a mass and width of 1040+ 5 and
~55 MeV. We have studied the wn* mass plot
[Fig. 2(e)] for events in the region 1.24 <M,
<1.38 GeV and observe no confirmation of this
effect. Unmodified phase space (smooth curve)
gives a good fit to the distribution (x*=4.2 for
11 degrees of freedom).

We associate the 57 enhancement in the 1.65-
GeV region [Figs. 1(b)-1(d)] with the w(1675)
meson.!' The p7 decay modes of this state are
clearly visible in the 37 mass plot of Fig. 1(e)
and the p-selected distribution of Fig, 1(f). From
the fits to the 37 and 57 mass distributions we
obtain estimates for the mass and width of the
resonance in the pm and wnm decay modes (see
Table I). From the fits to the mass spectra of
Figs. 1(c), 1(d), and 1(g) we obtain 204+ 40, 115
+27, and 90+ 31 as estimates for the number of
events in the w(1675) resonance. A comparison
of the first and last of these numbers implies
that there is a direct 57 decay of the w(1675).

We therefore list separately in Table I the 57/p7
and the wmm/p7 branching ratios, where the 57
mode includes submodes. Using the fits to Figs.
1(f) and 1(g), we find the branching ratio T'(w(1675)
-~ wr*r7)/T(w(1675)~p7)=0.47+0.18. From Re-
action (2) we obtain the cross section o(r*n

- w(1675)p, w(1675)~p7)=60+13 pb. The ¢’ dis-
tributions for the w(1675) for the two decay chan-
nels [Figs. 2(b) and 2(d)] were fitted with the form
Ae™"*" and yield slopes b=3.3+0.9 and 2.8 0.5,
These distributions are consistent with alterna-
tive decay modes of the same state, as are the
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FIG. 2. (a) Background-subtracted ¢’ distributions
for the A,— p*7 ¥ events from Reaction (2). (b) Same
as (a) but for w (1675) ~ pr #0, (c) Background-sub-
tracted ¢’ distributions for the A,—~wr*r”~ events from
Reaction (1). (d) Same as (c) but for w (1675) ~wn*r~,
(e) wr* mass distribution in the A, region from Reac-
tion (1). (f) wr* mass distribution in the w (1675) re-
gion from Reaction (1). The lines in (a)—(d) are fits to
the data of the form Ae” %! in the range 0<¢' <2.0 (GeV/
¢)%. Curve in (e), fit with unmodified phase space.
Solid curve in (f), fit with unmodified phase space plus
one Breit-Wigner term having fixed mass and width;
dashed curve in (f), fit with unmodified phase space.

masses and widths listed in Table L

A study of the w* mass plot [Fig. 2(f)] for the
w(1675) region (1.60<M ,,;<1.75 GeV) indicates
that a fraction of the w(1675) decays into B*n*,
The possibility of this decay mode has been sug-
gested by Matthews ef al.*> The solid and dashed
curves in Fig. 2(f) correspond to fits of unmod-
ified phase space with and without a Breit-Wig-
ner resonance form for the B(1235), and give x*
=31 for 25 degrees of freedom and x*=57 for 26
degrees of freedom, respectively.!®* We show in
Fig. 1(h) the number of B events above back-

ground as a function of M,. A fit to this plot
gives 201 + 91 events in the w(1675) resonance,
corresponding to a branching ratio** I'(w(1675)
- B*1")/T(w(1675)~p7m)=0.32+ 0.16. A study of
the decay angles and moments for the Br and
w77 modes of the w(1675) gave no further infor-
mation. If J¥=1* for the B meson, the observa-
tion of both a pm and a Bn decay mode requires
J =1 for the w(1675).
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EXCITATION OF GIANT RESONANCES IN °®Ni
VIA INELASTIC SCATTERING OF POLARIZED
PROTONS. D. C. Kocher, F. E. Bertrand, E. E,
Gross, R. S. Lord, and E. Newman [Phys. Rev.
Lett. 31, 1070 (1973)].

In Fig. 2, the DWBA predictions for the analyz-
ing power were inadvertently plotted with the
wrong sign. The data points are plotted correct-
ly. Thus, we find that the analyzing power in
the region E, 14.6-16.7 MeV gives better agree-
ment with the EO prediction than with the £2 pre-
diction, while the cross section in the region £,
~12,7-23.7 MeV (see Fig. 3) shows a preference
for an E2 assignment. We are currently inves-
tigating possible causes of this ambiguity.

The authors are indebted to G. R. Satchler for
bringing this error to our attention.

DIFFERENTIAL CROSS SECTIONS IN 7 "p — K°A°
AND 7 p - K°%° FROM 3 TO 6 GeV/c. C. E. W.

Ward, I. Ambats, A. Lesnik, W. T. Meyer, D. R.
Rust, and D. D. Yovanovitch [Phys. Rev. Lett. 31,
1149 (1973)]. o

In Ref. 5, read “A, Bashian et al. ...,” instead
of “A. Abashianet al. ... .”

264



