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IS THERE EVIDENCE FOR AN H MESON? 
(IS IT JUST THE TJI ?)>!' 

A. Barbaro-Galtieri and P. SBdiiJ.g 

Lawrence Radiation Laboratory 
Berkeley, California 

Analysis of 1T+ p and 1T+n data, in the 3- to 
4-GeV Ic incident 1Tt 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 
= 0-1 f). The enhancement observed in the 
neutral three-pion invariant mass distribution 
near 990 MeV can be attributed to the 1T1T'Y de
cay mode of the TJI • 

This paper contains a discussion of the following 
. . 1 

(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 p1T de
cay mode oLthe 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 31T mass, how
ever, one has to be careful because the kinematics of the 
p1T system can produce a bump. (See page 4. ) 

(C) Possibility of appearance of the 1T1T'Y decay mode 
of the TJI at higher mass if a supposed 1TO is substituted for 
the real 'Y. Experiments in deuterium can produce additional 
mass shifts. The mass resolution in DZ 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 

>I: .. •. - I." :,d. 

'Work done under ~he auspices of the U. S. Atomic Energy 
Commission. 
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Fig. 1. Summary of the evidence reported in favor of the 
H meson. 
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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 rr+p- .6.++rr+rr-rrO has also been 
fitted in order to establish the cross section for the H en
hancement. In none of the cases was the eros s section for 
production of the H enhancement found to exceed by more 
than two standard deviations the value expected for 11' pro
ductiQI). with subseguent decay 11' .... rr+TI-Y. (See page 9. ) 

A. EVIDENCE FOR THE H MESON 

The first repor~ 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 11' at M = 960 Me V. 2 The reaction 
studieCl. was 

(1) 

at 4.0 Ge V I c incident TI + momentum. Although the mas s of 
the enhq.ncement (975 ± 15 MeV) was very close to the mass 
of the 11f, the observed 120-MeV width was believed to be in 
disagreement with r < 12 MeV. The cross section for the 

11' 
enhancement was 150 f.Lb, or 90 events in a total sample of 
1595 examples of reaction (1). Figure 1A shows these data. 
The pTI'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 3 that 
11' was ,prod,uceci in the reaction rr+p - .6.++11' • 

4 
Benson at al. reported evidence for the H meson in 

the reaction 

. + + - 0 TI d- (p )prr rr rr (p = visible spectator proton) (2) 
s s 

at 3.65 GeV/c incident rr+ 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 f.Lb, and the cross 
section for 11f- 'T!+rr-y is estimated to be 16 ± 7 f.LbP, 6 The 
number of events above background in the H region was 58 
f0r botp. th~\'rr+,n-TIO and .the (prr)O effective-mass plots. 

In a study of req.ction (2) at 3.29 GeV Ic, Cohn et al. 7 
ab;;o observec;l an enhancement in the H region. Their data 
are shc;>wn in Figure 1e. They estimated that the cross 
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section for this enhancement could be as large as 50 flb 
(corresponding to 46 events); on the other hand, a cross 
section as low as 15 flb also appears compatible with these 
data. Therefore, the enhancement may well be due to the 
1T7Ty decay of the T)I (since nO and y can hardly be distin
guished in this type of experiment), for which a cross sec
tion of 11 ±~ flb is expected. 8 

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 (pn)O m.ass distributions near 1000 MeV. The 
situation as of Novem.ber 1966 is sum.m.arized in Ref. 11. 

More recently in a large statistics experiment, 
Fung et al. 12 studied reaction (1) for n+ incident m.omentum. 
in the 3- to 4-GeV/c region and did not observe an enhance
m.ent in the H region. A study of reaction (2) at 5.1 GeV Ic 
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 lim.it of 
100 flb (averaged over their mom.entum. range). 

B~ THE pn MASS PLOT 

The two upper plots of Figure 1 show the three-pion 
invariant-mas s distributions for the data of the British
Germ.an collaboration1 and of Benson et al. 4 when the con
dition that at least one dipion com.bination 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 als 0 changed by the p cut applied to the data. 
Benson et al. first pointed out that even a sm.ooth phase
space-distributed three-pion mass spectrum can show an 
enhancem.ent 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 m.ass distribution. They 
have analyzed 3159 events of reaction (1) between 2.95 and 
4.1 GeV/c, which do not indicate any ~nhancement in the H 
region for the uncut data. Figure 2 shows some of their 
plots. The ,Dalitz flots in the upper corner, taken from. 
Rosenfeld et ale ,1 illustrate the situation. The p bands 
cover alm.ost the whole Dalitz plot at the H m.as s, whereas 
at the A2 m.as s they leave part of the area unoove red. 
Figure 2A (taken from. Fung et al.) shows this nicely. As 
a function of M3n it plots the fraction of the Dalitz plot 
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Fig. 2. The effect of the p'TT cut. Data of Fung et ale (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) .6.M= ±120 MeV, (b) .6.M= ±80 
MeV, (c) .6.M = ± 40 MeV (while current r /2= 50 MeV); the 
bands were centered at M = 740 MeV. (B)P shows the corre
sponding fractions of the Dalitz plot covered by only ~ p 
band, excluding the overlap regions of this band with the 
other two bands. (C) is the experimental M('TT+'TT-n 0) 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 ~ M'TT'TT 

falls into a p band (AM = ± 80 MeV). 
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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 1.15 GeV. 

Figure 2B differs fro:m 2A in that only one band is taken, 
and band-overlap areas are excluded. (Figure 1A corresponds 
to the selection of events with at least 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 M3n distribution. 
In particular, if the uncut M3TT is assu:med to be the three
pion phase space (which corresponds to selecting events 
with at least one p fro:m a phase-space-distributed sa:mple), 
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 fro:m Benson et al. 4 If instead of phase space 
one used a distribution peaking at lower M3TT than phase 
space [e. g., due either to low :mo:mentu:m transfers (how
ever, see Figure 8), or to reflections of other resonant 
processes], this shoulder would be enhanced (see, for 
exa:mple, Figures 5 and 8). 

If the curves of Figure 2B were used instead (cor
responding to selecting on one p only), a bu:mp would appear 
at M31T ::::: 1000 MeV as shown by Benson et al. 4 and Fung 
et ale 12 Figure 2C shows the uncut data fro:m the experi
:ment of Fung et al., which do not show any enhance:ment at 
the H :mas s (note that the w band has been eli:minated in the 
plot) ~The shaded histogra:m shows the experi:mental dis
tribution when the :mass of at least one of the three possible 
nn co:mbinations falls into the p band. Figure 2D shows the 
experi:mental plot for those events which have one (and only 
one) TTTT :mass co:mbination falling in the p region. This plot 
shows a very nice peak at the H :mass, quite si:milar to what 
one gets just fro:m :multiplying the original histogra:m (2C) 
(with_o_ut p cuts) with the weight functions of Fig. 2B l This, of 
course, shows nothing :more than that the H Dalitz plot is 
nearly unifor:mly populated. 

The conclusion fro:m this is that under certain con
ditions, bu:mps near threshold in a pTT :mass spectru:m 
:might occur as a consequence of the particular criteria 
used for selecting 11 p events. 11 It is obviously very i:mpor
tant to take this effect into account when one tries to estab
lish the significance of pTT (or si:milar) enhance:ments. 

• 
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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 - L;-'TT+'TT-'TTO at 2.1 GeV Ic incident K- momE2n
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 'TT'TT'{ decay mode 
of the 1"]1.15 At this incident energy it is not possible to 
distinguish a 'TT0 from a '{ 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-mas s 
distribution from this experiment. Figure 3B shows the 
plot of M2('TT+'TT-MM) versus the missing mass squared 
(MM2) against the L;-'TT+'TT- system. The decay mode 
1"]1 - 'TT+'TT- 1"] (by 1"]n or 1"]c we indicate 1"] decaying into only 
neutral partPcles, or into 'TT+ + 'TT- + neutral, res pectively) 
can be detected here and, by use of the known branching 
ratios,6 the expected number of events for 1"] 1 -+ 'TT+'TT-,{ 
lean be calculated. As can easily be seen in Figures 3A 
and 3B, the mass resolution for 'TT+'TT-'TT0 or 'TT+'TT-11n is very 
bad, therefore the number of events of the type 1"]1 -+ 'TT+'TT- 1"]n 
has to be counted by using the actual resolution. When this 
is done the H enhancement is all explained as being 1"]1 • 

The curve of Figure 3A is a maximum-likelihood fit 
to the data. 16 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::::I 1000 Me V (whereas 
M1"]1 = 958 MeV); the width is consistent with the resolution. 
ThlS 40-MeV mass shift can be understood in terms of two 
different effects: (a) the events have been fitted with the 'TT0 

mas s instead of the '{ mas s (this accounts for ::::I 15 Me V); 
(b) in about 70% of the events the unmeasurable momentum 
of the spectator proton has been as sumed to be ° ± .6.p. , 
with .6.Pi an error in the three -momentum components ~ This 
turns out to be an inadequate approximation to the Hulth~n 
distribution, and aOCQunts for the remaining mas s shift. 
More details can be found in Ref. 15. 
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The Argonne-Northwestern collaboration17 has also 
investigated t8is point. In studyin,S the reaction 
K- p .... A 1T+ 1T-1T at 4.1 and 5.5 Ge V I c incident K- momentum 
they observe the effect shown in Figure 4. The lower 
graphs show the touee-pion invariant-mass distribution (un
shaded) and the p 1TO mas s plot (shaded). The same events 
have been also fitted with the y mass instead of the 1T0 mas s, 
and are plotted in the upper part of Figure 4. The 1')1 signal 
appears now at the correct mass, and sharper. 

D. FITS TO THE H DATA 

Our 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-1')1 signal in the 980- Me V 
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 1l peripheralization 'l modifies 
the phase-space distribution. ) 

Mte r such a model has been fitted, one can most 
easily as ses s the kinematical effects of making p cuts on 
the 31T 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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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 MTriT = 750 ±110 MeV, as 
used by the authors of ref. 1) • 
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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 IIbackground distribu
tiontl 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, 1 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 A 2 , 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*>:<- ,.6.++nQ for higher nucleon isobars have also been al
lowed for, but were not found significantly present in the 
data. The mas s and width of the H enhancement (including 
experimental resolution) were found to be M = 965 MeV and 
r = 40 MeV. If the effects discussed in Section C are taken 
into account, these values are consistent with mas sand 
width of the ..,1. The cross section obtained for production 
of the H enhancement is 70 ± 25 p.b, to be cOlnpared with an 
expected cross section for 111 production, with ..,1- n+n-y 
decay, of 25 ± 12 p.b (as derived from the cross section for 
..,1 _ n+n-..,c, 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%). 

"The"·same procedure was applied to a compilation of 
13000 events of the type of reaction (1) (including those of 
Figure 5) for n+ 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 fit 18 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 ± 13p.b, or 1. 8 ± 0.6% of the data (to be com
pared with 3 ± 1 % for the British- German collaboration 
data). Assuming that this signal is due to..,', we can cal
culate the total cross sectign (J' (..,1) for ..,1 production from 
the known branching ratios in order to be able to compare 
it with (J' (..,1 ) as derived from the nn.., decay mode. This 
comparison is shown in Figure 7, where all the measured 
cross sections above 2 GeV/c for n+p- ,.6.++11' production 20 
are shown along with those for n+p -,.6.++11 and n+p - ,.6.++w. 
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(Unfortunately the nn Tj decay mode for the Tj' 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 Tj 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 Tj' cross section follows a similar behavior. 
The Tj' cross section obtained from the compiled data is 
then seen to be in perfect agreement with the other three 
measured cross sections for Tj' production. 

In Figure 8, the 3n and pn mas s 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 n+n 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, r = 120 MeV including reso
lution) production term21 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 r = 40 MeV (resolution not subtracted) were obtained; 
We were not able to study in detail the possible mass shift 
and res olution 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 mas s and width of the Tj' • 

The- production c ros s section for the H enhancement 
that we obtain on the basis of this fit is 41 ± 18 p.b. Under 
the assumption that all the observed H signal is due to 
Tj' - n+n-y, we obtain6 from this a n+n - PTj' cross section 
of 117 ± 53 p.b. This value is compared in Figure 9 with the 
other known values for the Tj' production cross section;22 we 
conclude that there is reasonable agreement between them. 
In particular, the value of 46 ± 20 p.b obtained in the same 
3.65-GeV /c n+d experiment4 , 5 from the observation of the 
Tj' - nnTj mode agrees with the value of 117 ± 53 p.b from the 
H enhancement to within better than 1.5 standard deviations 
(confidence level > 15%). 

From studies of the Dalitz plot 1,4 and of the decay 
angular distributions 4 of the events in the H region, it has 
been suggested that JP of the three-pion states in the en
hancement is most likely to be 1 +, 2 -, ••• • In particular, 
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Fig. 8. Our fit (full curve) to the data of Bens on et ale 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 mas s in the p 
band MTf'lT = 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 momentum-trans fer
dependent factors, as explained in the text. 
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JP = 0- appeared unlikely because the density distribution 
did not seem to vanish along all three medians 01 the Dalitz 
plot (i. e., along the lines M27T+7T- = M 2

7T - 7T0 , M 7T-7T0 
= M 2

7T0 7T+ and M27T07T+ = M27T+7T- as required for an I = 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 7T+7T-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 
1"]' - 7T+7T-y decay, with the 7T+7T- system being pO, 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 = 0- 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 
7T-P - 7T-p 7T+7T-7T0 at 3.9 GeV Ic. 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 (J = 97 ± 17 fJ.b; however, a cross section as low as 
50 fJ.b seems to be compatible with the data. The,.,' 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 pO'ssibihty that this signal is due to neutral Ai produc
tion, since its location seems to be closer to the Ai mass 
than to the 1"]' • 

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 
1"]' 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 othe rs; 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 treatIllent of the back
ground. In our fits to the data we included, apart froIll the 
resonances in the three-pion systeIll, various other possible 
resonance production processes, in order to get a good fit 
to the overall reaction, and thereby a Illore reliable (though 
probably conservative) background estiIllation. This was 16 
possible because we used a con~plicated cOlnputer prograIll 
and a larger cOIllputer capacity than was available to the 
authors of the original papers on the H Illeson at the tiIlle of 
their analysis. 
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