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IS THERE EVIDENCE FOR AN H MESON?
(IS IT JUST THE n' ?)™

A, Barbaro-Galtieri and P, S&ding

Lawrence Radiation Laboratory
Berkeley, California

Analysis of 1T+p and 7tn data, in the 3- to
4-GeV/c incident " momentum range, shows
that at present there is no convincing evidence
for existence of the so-called H meson (M
= 990 MeV, suggested quantum numbers IGJP
= 0"17%). The enhancement observed in the
neutral three-pion invariant mass distribution
near 990 MeV can be attributed to the 7Ty de-
cay mode of the n'.

This paper contains a discussion of the following
points: 4 V o
(A) Reported evidence in favor of and against the H
meson., (See page 3.)

(B) Effects of the p cut. In studying an enhancement
in the three-pion mass plot it is useful to analyze the pw de-
cay mode of the enhancement, since it might improve the
signal-to-noise ratio and conclusions on the I-spin could
easily be obtained., In the 1-GeV region of 3m™ mass, how-
ever, one has to be careful because the kinematics of the
pT system can produce a bump. (See page 4.)

(C) Possibility of appearance of the mny decay mode
of the m' at higher mass if a supposed m0 is substituted for
the real y. Experiments in deuterium can produce additional
mass shifts. The mass resolution in D, experiments is also
essential in determining the size of an enhancement.

(See page 7.)

(D) Reanalysis of all the data from which evidence
for the H meson has been reported. To get a proper esti~
mate of the background under the 990- MeV enhancement, a

; el AV § . .
*Work done under the auspices of the U. S. Atomic Energy
Commission,

-4-



80

60

~
o
T

=1

A. Barbaro-Galtieri and P. S8ding

A

965 events

At least one p

0 combinations

+ -

Number of # ™ =
8
T

g
1

50

M"-yn.". (Gev)

All events

1595 events

48[7ij;

8 v 15
M'n'+1r"n° (GeV)
e e e L

~=== 22 70 »*=° AND
#*n > 30me

|

I- ! ——ALL EVENTS
i
1

Number of events

Fig. 1.

3w Mass (GeV)

H meson,

Events /30 MeVv

B )
01705 7*d~ pplom
1204 E
2 03 965 7*p~N"(om)
= from Ref. A
3 8o
~
a3
5
> 401
€3]
0 S
08 I 2 14 6 I8 20
2
M_c g0 (GeV/c%)
M EVENTS
150 2993 1
N
1201
90 May
|
601 Mn°
}
30

03 06 08 L2 5 18 2l

M4m0 (GeV)

A, Bartsch et al., ABBBHLM

Collaboration, Phys., Let-
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P 4= 4.0 GeV/c,

‘B. Benson et al., Michigan,

Phys. Rev. Letters 16,
1177 (1966).
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P1T+ = 3.65 GeV/c.
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' Nucl. Phys. B1, 57 (1967).
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Summary of the evidence reported in favor of the
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model including production of all the resonances observed
in these reactions was fitted to the data. A compilation of
13000 events of the type Tip - Attata=19 has also been
fitted in order to establish the cross section for the H en-
hancement. In none of the cases was the cross section for
production of the H enhancement found to exceed by more
than two standard deviations the value expected forn' pro-
duction with subsequent decay 7' = nTn Ty . (See page 9.)

A, EVIDENCE FOR THE H MESON

The first report of an enhancement in the neutral
three-pion invariant mass at M= 980 MeV was given in
1964 by a British~-German collaboration, 1 two months after
the discovery of the ' at M = 960 MeV. 2 The reaction
studied was

“ap = A@1236)T atra? (1)
at 4.0 GeV/c incident 7' momentum, Although the mass of
the enhancement (975 + 15 MeV) was very close to the mass
of the n', the observed 120-MeV width was believed to be in
disagreement with I" ‘ <12 MeV. The cross section for the

enhancement was 150 pb, or 90 events in a total sample of
1595 examples of reaction (1). Figure 1A shows these data.
The pT mass distribution is also shown. The authors esti-
mated that both plots contain about 90 events in the H en-
hancement. At that time the authors had no evidence” that
n' was produced in the reaction mfp-» Atty,

4 . .
Benson ¢t al, = reported evidence for the H meson in
the reaction

' 1r+d- (ps)p'n‘+1'r,—170 (pS = visible spectator proton) (2)

at 3.65 GeV/c incident wt momentum, Their data are
shown in Figure 1B, The mass and width quoted were

998 £ 10 MeV and 45 + 30 MeV respectively. The cross
section for the H enhancement was 75 £ 15 pb, and the cross
section for n' — 'ﬂf'ﬂ'\/ is estimated to be 16 = 7 phd» 6 The
numbe?r. of events above background in the H region was 58
for both the" 1T+.ff§'1T0_and the (pm)0 effective-mass plots.

" In a study of reaction (2) at 3.29 GeV/c, Cohn et al, 7
also observed an enhancement in the H region. Their data
are shown in Figure 1C. They estimated that the cross
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section for this enhancement could be as large as 50 pb
(corresponding to 46 events); on the other hand, a cross
section as low as 15 pb also appears compatible with these
data. Therefore, the enhancement may well be due to the
mmy decay of the n' (since 70 and vy can hardly be distin-
guished in this type of experiment), for which a cross sec-
tion of 111§ ub is expected.

In two other experiments on reaction (1) at 3.65 and
3.2 to 3.5 GeV/c, 9+10 small enhancements were also ob-
served in the (pTT)O mass distributions near 1000 MeV, The
situation as of November 1966 is summarized in Ref. 11.

More recently in a large statistics experiment,

Fung et al. 12 studied reaction (1) for 7t incident momentum
in the 3~ to 4-GeV/c region and did not observe an enhance-
ment in the H region. A study of reaction (2) at 5.1 GeV/c
by Armenise et al. 13 also failed to show any enhancement,
although the statistics was better than in Ref, 4. At lower
energies (1.8 to 2.5 GeV/c), Abolins et al. 14 do not find any
evidence for the H enhancement, and quote an upper limit of
100 pb (averaged over their momentum range).

B, THE pm MASS PLOT

The two upper plots of Figure 1 show the three-pion
invariant-mass distributions for the data of the British-
German collaboration! and of Benson et al. 4 when the con-
dition that at least one dipion combination falls in the p
band is applied to the data. In this case the H enhancement
appears to be sharper; however, the shape of the back-
ground is also changed by the p cut applied to the data.
Benson et al. first pointed out that even a smooth phase-
space-distributed three-pion mass spectrum can show an
enhancement at ® 1000 MeV if a p cut is applied.

Fung et al. 12 have made an interesting study of the
effect of the p cut in the three-pion mass distribution. They
have analyzed 3159 events of reaction (1) between 2,95 and
4.1 GeV/c, which do not indicate any enhancement in the H
region for the uncut data. Figure 2 shows some of their
plots. The Dalitz plots in the upper corner, taken from
Rosenfeld et al., 1! illustrate the situation. The p bands
cover almost the whole Dalitz plot at the H mass, whereas
at the A, mass they leave part of the area unoovered.
Figure 2A (taken from Fung et al.) shows this nicely. As
a function of M3q it plots the fraction of the Dalitz plot

V
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Fig. 2. The effect of the pT cut. Data of Fung et al. (Ref,
12). (A) shows the fraction of the three-pion Dalitz plot
covered by the three p bands. This has been calculated using
three different widths: (a) AM = 120 MeV, (b) AM = £ 80
MeV, (c) AM = *+ 40 MeV (while current I" /2= 50 MeV); the
bands were centered at M = 740 MeV. (B)pshows the corre-
sponding fractions of the Dalitz plot covered by only one p
band, excluding the overlap regions of this band w1th the
other two bands. (C) is the experimental M(mtw-7n°) distri-
bution (note that the w band has been eliminated); the shaded
area corresponds to events in the p bands. (D) shows the
same data with the restriction that one and only one Mqq

falls into a p band (AM = * 80 MeV),




6 A, Barbaro-Galtieri and P. S&ding

covered by p bands of three different widths (labeled a, b,
c). The striking feature of these curves is the peak at 1 - .
GeV and the dip at 1.45 GeV.

Figure 2B differs from 2A inthat only one bandis taken, v
and band-overlapareas are excluded. (Figure 1Acorresponds y
to the selection of events with atleast one p; 1B with one and
only one p.) Here the valley between the peaks is even deeper,
and consequently the peaks are moved farther apart.

One can study the effects of p cuts by multiplying
the curves of Figure 2A with the uncut M3y distribution.
In particular, if the uncut M3y is assumed to be the three-
pion phase space (which corresponds to selecting events
with at least one p from a phase-space-distributed sample}),
the cut distribution will have a shoulder at M = 1000 MeV,
This is illustrated by the curve in the upper part of Figure
1B, taken from Benson et al. % If instead of phase space
one used a distribution peaking at lower M3y than phase
space [ e.g., due either to low momentum transfers (how-
ever, see Figure 8), or to reflections of other resonant
processes ], this shoulder would be enhanced (see, for
example, Figures 5 and 8).

If the curves of Figure 2B were used instead (cor-
responding to selecting on one p only), a bump would appear
at M3Ir ~ 1000 MeV as shown by Benson et al. 4 and Fung
et al, 12 Figure 2C shows the uncut data from the experi-
ment of Fung et al., which do not show any enhancement at
the H mass (note that the w band has been eliminated in the
plot). The shaded histogram shows the experimental dis-
tribution when the mass of at least one of the three possible
T combinations falls into the p band. Figure 2D shows the
experimental plot for those events which have one (and only
one) T mass combination falling in the p region. This plot
shows a very nice peak at the H mass, quite similar to what
one gets just from multiplying the original histogram (2C)
(without p cuts) with the weight functions of Fig., 2B This, of
course, shows nothing more than that the H Dalitz plot is
nearly uniformly populated.

The conclusion from this is that under certain con-
ditions, bumps near threshold in a p7™ mass spectrum
might occur as a consequence of the particular criteria
used for selecting '"p events.' It is obviously very impor-
tant to take this effect into account when one tries to estab-
lish the significance of pT (or similar) enhancements.
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C. MASS SHIFTS AND RESOLUTION

A 2.5-standard-deviation effect at the H mass was
presented by one of us at the Heidelberg Conference, in the
reaction K'n - Z-ntu1"10 at 2.1 GeV/c incident K~ momén-
tum. 14 The experiment was performed in deuterium, and
this fact produces various problems resulting in bad reso-
lution and mass shifts. These problems have been care-
fully investigated in this experiment, and about 35% more
events have been added, with the result that the whole H
enhancement is now accounted for by the 7Ty decay mode
of the n'. 15 At this incident energy it is not possible to
distinguish a ™" from a y ray in the bubble chamber, and
this problem is common to all the experiments which re-
ported an H meson enhancement.

Figure 3A shows the three-pion invariant-mass
distribution from this experiment, Figure 3B shows the
plot of MZ(wtm~MM) versus the missing mass squared
(MM?) against the Z-7n'n~ system. The decay mode
N - mtw N, (by M, or n. we indicate n decaying into only
neutral particles, or into nt + 7 + neutral, respectively)
can be detected here and, by use of the known branching
ratios, 6 the expected number of events for n' - ntnTy
can be calculated. As can easily be seen in Figures 3A
and 3B, the mass resolution for m'n~n" or wtm” n, is very
bad, therefore the number of events of the type n' = 1T+1T—1'|
has to be counted by using the actual resolution. When this -
is done the H enhancement is all explained as being n'.

The curve of Figure 3A is a maximum-likelihood fit
to the data.1® The model used in the fit takes into account
nonresonant background as well as production of various
resonances in the final state (neglecting interferences be-
tween the various resonances), The mass required to fit
the H enhancement is M= 1000 MeV (whereas
M., = 958 MeV); the width is consistent with the resolution.
This 40-MeV mass shift can be understood in terms of two
different effects: (a) the events have been fitted with the T
mass instead of the y mass (this accounts for 15 MeV);

(b) in about 70% of the events the unmeasurable momentum
of the spectator proton has been assumed to be 0 + Api s
with Ap; an error in the three-momentum components. This
turns out to be an inadequate approximation to the Hulthén
distribution, and accounts for the remaining mass shift.
More details can be found in Ref, 15,
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Fig. 3. Data of Barbaro-Galtieri et al. 15 on K'n—~ =t w0

at 2.1 GeV/c. The enhancement around 1000 MeV is entirely
explained by n - Tr+Tr'y decay.
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The Argonne-Northwestern collaboration!? has also
investigated tBis point. In studying the reaction
K p- Artn™n" at 4,4 and 5.5 GeV/c incident K~ momentum
they observe the effect shown in Figure 4. The lower
graphs show the three-pion invariant-mass distribution (un-
shaded) and the p 70 mass plot (shaded). The same events
have been also fitted with the y mass instead of the 70 mass,
and are plotted in the upper part of Figure 4. The n' signal
appears now at the correct mass, and sharper.

D, FITS TO THE H DATA

Qur final task is to examine in detail the reactions
in which the H has been reported, in order to see if the
data still show a significant non-n' signal in the 980-MeV
mass region. We do this by fitting to the data on reactions
(1) and (2) a model similar to that mentioned in Section C.
Data summary tapes have been made available to us by the
authors of Refs. 3, 4, 9, 10, and 12. We have been able,
therefore, to perform maximum-likelihood fits16 of this
model to the complete data on these experiments. In the
fits, the masses, widths, and magnitudes of the various
resonance contributions were varied. In order to test and
display the goodness of fit, the mass distributions of all the
two- and three-particle combinations in the final state, as
calculated from the model, were compared with the experi-
mental distributions. In each case, satisfactory agreement
has been reached. Also inserted into the model were factors
depending on various four-momentum transfers, in order to
closely simulate the observed distributions of the four-mo-
mentum transfer between the incident pion and the various
final-state two- and three-pion combinations. The effects
of these factors on the three-pion mass distributions, how-
ever, turn out to be small, (As an example, in the insert
in Figure 8 we show how this ""peripheralization' modifies
the phase-space distribution, )

After such a model has been fitted, one can most
easily assess the kinematical effects of making p cuts on
the 3T mass spectrum, by simply subjecting the distribu-
tions, calculated from the model,, to the same cuts. Some
of the results of these fits are shown and discussed below.
It is hardly necessary to emphasize that a model such as
the one we have used, although containing many different
terms, over-simplifies grossly the actual behavior of these
complicated reactions. We therefore do not attach deep
physical significance to the detailed results of these fits, as
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Fig, 4. Data of the Argonne-Northweétern Collaboratjon, 17 v

showing the effect of fitting the reaction K'p = AmT7~T with

a Yy (upper histogram) vs, w0 (lower histogram). Only events

with 600 < MM <1260 MeV were used, where we write L]
K™+ p = A + MM. Note in particular the effect in the p°y°

spectrum (n' —~7T1-y is mainly n' -+ p°y).
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Fig. 5. Our fit (full curve) to the data of the British-German
Collaboration. ! The dashed curves have been drawn to show
the background under the H enhancement according to our fit.
For the upper plot and curve, a p cut has been imposed (at

least one dipion mass in the region Mgy = 750+110 MeV, as
used by the authors of ref, 1).
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least one dipion mass in the p band Mnuw = 750+£110 MeV) is v
shown in the upper part of the figure,.
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far as production of the various resonances is concerned.
All we need is a plausible model that fits the data, and
thereby furnishes us with a smooth ""background distribu-
tion" against which to compare an enhancement that has not
otherwise been accounted for.

In Figure 5 we show the three-pion mass spectra
from the data of the British-German collaboration, ! with
(upper) and without (lower histogram) a p cut (i.e., at
least one dipion mass in the p resonance band). The full
curves are results of our fit. 18 The fitted model includes
production of , p,w, and Ay, as well as nonresonant (pe-
ripheralized phase space) background and an H enhance-
ment. The dashed curves have been drawn to show the con-
tribution of the H enhancement to the fit. Processes like
N**-s At+n¥ for higher nucleon isobars have also been al-
lowed for, but were not found significantly present in the
data. The mass and width of the H enhancement (including
experimental resolution) were found to be M = 965 MeV and
I' = 40 MeV, If the effects discussed in Section C are taken
into account, these values are consistent with mass and
width of the n'. The cross section obtained for production
of the H enhancement is 70 £ 25 pb, to be compared with an
expected cross section for 7' production, with n'— 7' Ty
decay, of 25 £12pb (as derived from the cross section for
n' - 7T 1., measured recently also by the British-German
collaboration--Ref, 19), These two values agree to within
1.6 standard deviations (corresponding to a confidence level
of '10‘70).

" "The same procedure was applied to a compilation of
13000 events of the type of reaction (1) (including those of
Figure 5) for w1 incident momenta between 3 and 4 GeV/c.
These data are from Refs, 1, 9, 10, and 12, and are shown
in Figure 6. The distribution of the c. m. energies was
taken into account in the fit. The best fit18 to the data was
similar to the one obtained for the subset of events of the
British-German collaboration. The H bump, however, is
reduced to 38 £ 43ub, or 1.8 £ 0.6% of the data (to be com-
pared with 3 + 19% for the British-German collaboration
data). Assuming that this signal is due ton', we can cal-
culate the total cross sectign o{n') for ' production from
the known branching ratios” in order to be able to compare
it with o (n') as derived from the mwn decay mode. This
comparison is shown in Figure 7, where all the measured
cross sections above 2 GeV/c for ntp-» At+qt production

are shown along with those for ntp =A**ty and wtp—» At+e, 20



14 A, Barbaro-Galtieri and P, S&ding

(mb)

cross sections

Total

] 1 1 l LERR Ylfl I 1 1 I“ll] ]
¢ 7T+p—’A++(U
* 7T+ p__.A++q7 N
$ Trp—ATEY
+ —-A++7]/ b
* "’A++ *{W up 1 —
2.01 \;T P v it "H'= 7
.0k 4
- .
O-51 LAN T A B
0.2 - ABBBHLM ]
0.05 | .
¥ — Aty i
0.02p " PTAT .
001 Le— 1 1 lllllll/ﬁ P bl |
| 2 5 10 2 5 1O 20
Incident lab momentum (GeV /c)

XBL686 - 2920

Fig. 7, Total cross sections for the reactions

mtp - ATt(1236)+meson as a function of incident ™ momen-
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section for n' - mn, L
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(Unfortunately the mmn decay mode for the n' has not been
measured in all the experiments used in our compilation, so
that a direct comparison cannot be made for this sample.)
Both the m and w production cross sections seem to obey a
linear law in this log-log plot, and it is reasonable to ex-
pect that the 1' cross section follows a similar behavior.
The 1' cross section obtained from the compiled data is
then seen to be in perfect agreement with the other three
measured cross sections for ' production.

In Figure 8, the 37 and pw mass plots of Benson
et al. 4 from reaction (2) at 3.65 GeV/c are shown, together
with the distributions obtained from our fit. 18 The spread
in the incident c. m. momentum in the Ttn rest system, due
to the Fermi motion in the deuteron, has been taken into
account. We allowed for the presence of various higher nu-
cleon resonances in the data, and we also found it necessary
to add an A1,5 (M = 1160 MeV, I' = 120 MeV including reso-
lution) production term 1 in order to fit the shoulder in the
three-pion mass spectrum that is apparent in the data at
1160 MeV. For the H enhancement, values of M = 998 MeV
and I" = 40 MeV (resolution not subtracted) were obtained.’
We were not able to study in detail the possible mass shift
and resolution effects (cf. Section C) for this experiment,
since these depend on many experimental details. Realizing
the difficulties peculiar to analyzing reactions on deuterium,
we believe that the possibility cannot be excluded that the
above values for mass and width of the observed H enhance-
ment are consistent with mass and width of the n'.

‘The production cross section for the H enhancement
that we obtain on the basis of this fit is 41 £ 18 pb. Under
the assumption that all the observed H signal is due to
' -> 1T+1T'y , we obtain® from this a m'n - pn' cross section
of 117 + 53 pb. This value is compared in Figure 9 with the
other known values for the ' production cross section;22 we
conclude that there is reasonable agreement between them.
In particular, the value of 46 * 20 ub obtained in the same
3.65-GeV/c ntd experiment?s 5 from the observation of the
n' -= T mode agrees with the value of 117 + 53 ub from the
H enhancement to within better than 1.5 standard deviations
(confidence level > 15%).

From studies of the Dalitz plot™ ' = and of the decay
angular distributions? of the events in the H region, it has
been suggested that JF of the three-pion states in the en-
hancement is most likely to be 1+, 27, «+¢ , In particular,
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Fig. 8. Our fit (full curve) to the data of Benson et al, 4

The dashed curves show the background under the H enhance-
ment according to our fit., The upper plot and curves refer
to events which contain at least one dipion mass in the p

band Mgy = 750+100 MeV (as used by Benson et al.).

The insert shows the three-pion mass distribution accord-
ing to phase space (dashed curve), and to peripheralized
phase space (full curve) that includes rhomentum-transfer-
dependent factors, as explained in the text.



H Meson 17

J/
| ] |I|r[|||//7| Il‘lllll -
- éTr’*‘n_.pw ]
°r &7 n—p7 _
o $ Ttn—pn’ —
+7T+n——-p77’ 1
. - if”H“;—_rr]/
Q
E ok -
- —
n - .
(e
o 0.5 —
13
© - _
(7]
n B ]
[72]
N
© OI:‘ =]
s F rtnep’ i
0.01 L 0w dyannb /20 0 v byl

2 5 1077 2 5 10

7 * Laboratory momentum (GeV/c)

XBL686-292i

Fig. 9. Total cross sections for the reactions mn - P+

+ meson as a function of incident ™ momentum. 22 The
straight lines are hand drawn through the points. * indi-
cates the total cross section for n' production if the "H'" en-
hancement seen by Benson et al. 4 were due to n' —+TtTTy,
The n' cross sections (Q) were obtained through measure-
ment of the partial cross section for n' --7un,
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JP = 0 appeared unlikely because the density distribution
did not seem to vanish along all three medians of the Dalitz
plot_(i. e., along the lines MZ.,T+ = M7 -0 » M%-40

= M™% 04+ and M2 Oqnt = M%tq- as requlred foranI=0,
JP 0~ three-pion state), and also because the events in
the H region showed a nonisotropic decay angular distribu-
tion with respect to the beam direction and to the normal of
the production plane. For a nTw”y Dalitz plot, however, the
first argument against JP=0"is no longer valid., From
examination of the Dalitz plots of the experiments discussed
here, we conclude that the distribution expected for

LR A el decay, with the mtn~ system being p“, is com-
patible with the data in view of the large background that
our fits predict under the H peak., Because of this large
background we also believe JP =07 is perfectly compatible
with the observed (weak) anisotropies in the decay angular
distributions.

We know of no other published evidence for the H
enhancement, although Johnson et al. 23 report an enhance-
ment in the same general region in the reaction
Tp > TTp W =m0 at 3.9 GeV/c, Their data are shown in
Figure 10. The enhancement in question is about 60 MeV
wide, centered at ® 1030 MeV, the quoted cross section
being ¢ = 97 £ 17 pb; however, a cross section as low as
50 pb seems to be compatible with the data., The n' cross
section for this same experiment has not been measured
yet, although there is an indication that it is considerably
smaller than the signal seen here. These authors are now
looking into the problem of the mass shift and investigating
the possibility that this signal is due to neutral A, produc-
tion, since its location seems to be closer to the Aj mass
than to the 7',

In conclusion, it appears that the original evidence
for the’ H meson of the British-German collaboration, which
according to our analysis and with our present knowledge on
n' branching ratios seems to be only a 1.6 standard devia-
tion effect, has not been supported by the additional data
available now at similar energies. In deuterium experi-
ments, the H has shown up in only one experiment and has
failed to appear in others; furthermore, the statistical
significance is not large. In our opinion this does not, at
present, constitute sufficient evidence for an H resonance,.

The discrepancy between our evaluation of the cross
sections for production of the H enhancement, and those in
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the literature, is due to our different treatment of the back-
ground. In our fits to the data we included, apart from the
resonances in the three-pion system, various other possible
resonance production processes, in order to get a good fit
to the overall reaction, and thereby a more reliable (though
probably conservative) background estimation. This was
possible because we used a complicated computer program
and a larger computer capacity than was available to the
authors of the original papers on the H meson at the time of
their analysis., '
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Results of the flts

(a) For the ™ f - Attatn-n0 data (Ref, 1) at 4 GeV/c
(F1gure 5) (1.4%), ATtw (24%), ATTH[ M

965 MeV r = 40 MeV, (3.0 +1.0 %], ATHA, (1%),
A++ o (119%), att0 *rrd (9%), perlpherahzed phase
space (48%). The ATT events were selected in the
band 1.13 to 1.33 GeV; events in which both pmt com-
binations were in the band were included,
(b) For the ntp— Attrtr~n0 data, compilation in the
3- to 4-GeV/c region (Figure 6): AtTn (1.5%), ATtw
(25%), ATTH [ M = 965 MeV, I" = 45 MeV, (1.8 = 0.6)%],
A++A (0.5%) A++A (1%), A++ to= (14%), Attp 00 (9%
+(1%90)1T+'rr (2%), four ~-body phase space (45%
For the Att selection, see under (a), above.
(c) For the mTn - p1T+1T"1TO data near 3.65 GeV/c
(Ref. 4) (Figure 8): pn(1.5%), pw(16%), p A2(6.6%),
pH[ M = 998 MeV, I’ = 40 MeV, (1.1 * 0.5)%],0
pA4 5 (3.8%), A+(1Z36 0 (1 8%), Att(1236)7~ " (8.8%),
A0(1236 ity (1 5% p1T ot (9. 9% pTto (4.2%
pn~p0 (10%), N*0(1690)m (8.3%), N*(1690)70(6,0%),
N*0(1520) 1T+(6 0%), N*t(1520) -nO (4.0%), N*t(2190)w0
(2.7%), A0(19ZO 1T+(7.8%), phase space (0%). For the
w contribution, we used a Breit- Wigner resonance
curve, folded with a resolution function similar to
the one we had observed in an experiment using a
deuterium bubble chamber at 2.1 GeV/c (Ref. 15).
The resulting function had a full width at half maxi-
mum of 44 MeV.

‘For the H enhancement a S-wave Breit-Wigner
form was used. This is usually a reasonable approx-~
imation to the resolution functions in bubble chamber
experiments. The quoted errors in the amount of
H present in these three fits include all the uncer-
tainties of the multiparameter fits, therefore are
larger than the statistical errors in the one-dimen-
sional histograms. We give these results in order
to allow the reader to check our calculations, and
not because we believe that they necessarily have
much physical significance. Although preference for
small momentum transfers in the production of the
various resonances has been taken into account (see
text), all interferences between the different contri-
butions, as well as anisotropies of the decay angular
distributions of the resonances with respect to the in-
coming beam direction, have been neglected.
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