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FURTHER STUDY OF THE H(990) EFFECT

G. Goldhaber, W. R. Butler, D. G. Coyne, B. H. Hall,
J. N. MacNaughton, and G. H. Trilling

Department of Physics and Lawrence Radiation Laborafory
University of California, Berkeley, CA 9L720

" “There have been two recent critiques of the H-meson. Fung et al.t

~ pointed out that a cut on the 2 pibnAmass”inlfhe p region leads to a purely

kinematical enhancement in the 3 pion mass at ~‘990‘MeV in the reaction
+ ++ 4 < : .
1p > A nx no. Barbaro-Galtieri and Soding,2 in a very thorough review

of the problem, pointed out furthermore that a cdnsiderable_part of the

: fesiduai H enhancément could be explained by the n' decay'modé .n?(958)'—9~n+n—Y

where in the fitting procedure for these events the ¥ isAmisintérpreted as'a x°.
"While we concur with both of the above tﬁo observations we find that in

a sample of 17,082 n p = = =« non p events, without p selection--a procedure

which Fung et al. correctly objected to--and after allowing for>the n' - Y

-decay'modé there 1s a small but distinct residual effect; let us call it

n(1000). Furthermore, the h(1000) effect shows up ‘clearly primarily outside
++
of the &  Dband.

We have étudied this problem in an exposure of 180,000 pictures of the
72-inch hydrogen bubble chamber at the Bevatron to a 3.7-GeV/c n+ beam (here-
after called "new" experiment). This was combined, whenever feasible, with
earlier da.ta.3”l’L (nereafter called "old" experiment).

To inferpret our observed effect, we need a quantitative comparison

between 1' production and the H effect. We firét,proceed,with our data on

'n' production:
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1. The Reaction #p = PI U T M hoog

' - ¥ + + + - :
We have treated the events of the type = p = pnxn t + MM (MM = missing

mass) which did not give a one constraint x° fit by.attempting a 1C fit with
nﬁ.* wnilevthis procedure will of courSe:include s0me evente in which tne
neutral MM is not really.an nﬁ it does pick up essentially all T, events.
In narficular the 7' - ﬂ+ﬁ_nn decay is very eleerly separated (see Fig. 1).
We find in agreement with the earlier observation of Trilling et al.LP than
n' production goes exclusively via n+p - Affnf [32 events (new) + 7 events
(oid)] (See Fig. 2Y. To ascertain thaﬁ tne above procedure does not loose
-eny nn eVents (or éiek up'spnrioueionee.leadingtoin') we.have examined the
MM distribution (for,a'éo% subsample)f Fignre 3 shows M(n+ﬂ—MM) vs Mthor
evénts in fhe;AT+ band. The'nr évenfebere a eiearly distingnished eluster
and agree invnumner with thebabone estimete. |

Finally, there is‘one well—known eubtle‘boinf in ourvnroceaure. Nemely,

~ to what extent we are also observing the decay mode:

., oo |
| 4 nch .
+ -
|—> o »
since m(nonoﬁo) happens to be close to the n mass in this decay. From the
known branching ratios of the 7, 28.9% Moy, 204 T1.1% n,» we find that the 39

' events here observed represent 47.4% to 57% of the 7' — anny decay mode

it
depending on whether our procedure includes none or all of the 1' — ﬁononch
mode. Let us adopt the most conservative point of view; namely, that the 39

events correspond to h7.4% and estimate an error corresponding both to the

statistical and systematic uncertainty of * 10 events.

’



+ +
value of R combined with our 39 3' = =n =« nh events predicts 39 X EE—Z?
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. + ++ -0
2. The Reaction = p = pw n 7 x

If we consider the entire ﬂ%ﬂ—ﬂo distriﬁution,(E X 17,082 cémbinations,'
the n and » stand out clearly dnd some structure at 1000 Mey is_discefnible
(see Fig. 4). The 1 (~ 330 events), the o (~ 4500 events), énd Aff (~.7000
events) account for a large fraction of the total number of events. In these
numbers the events cor?esponding to double resopaﬂce formation_(e.g.,lwéf+)
are given twice. Thus to gét a clearer picpure of the various channels it

is important to separate them as much as possible.

+ (o}

LIS

"a. The Channel n+p N
As will be diScusséa elsewhere we have "purifiéd":the Af+'sample’by
background‘subtraction. 'Figﬁre 5 shows a n+n—ﬁo’maSS rlot in 10-MeV iﬁpervals.
We note a.narrbw peak (I' = 20 MeV) at 980 MeV, possibly on a somewhat broader
base. If we look at M(n+n'r) instéad, we note é cdrrespondiﬁg nérrow peak )
at 965 MeV (see Fig. 6). We find that for the "new" experiment 82% of the
events have a corresponding n+p - pn+n+n_T fit in which»the T réplaces
the no but all other track assignménts”remain the same. From our data we’

cannot distinguish between these two interpretations. We can use our observed

' - T, rate to predict the number of n' - wnY events. The Particle

1 . .
Data C—roup5 give R = U N 1011 =A§§ = 0.31+0.04, while Barbaro-Galtieri

_ R T R
a.ndeoding2 quote Rittenberg's value of R = %% = 0.54%0.06. The larger

L,
7.’—}-0

= 44.5%¥12.5 7' = gnY events. These events are shaded in Figs. 5 and 61

The peaks we observe are somewhaﬁ larger, but could be accounted for without

stretching the errors appréciably. What is much more indicative of a residual

. : ++
effect is the peak we observe outside of the & .
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b. The Channel x p = =« P 1t X

In order to reduce background we have made various cuts in which the
following events are removed.
. L ‘ + - :
(i) The events with an w meson M(x x °) = 760-820 MeV.
+ - . - : . -
(i) The = = =° mass combinations corresponding to the reflection of an 7
‘ P : v
meson M(x x 1) = 540-560 MeV.
\+—O : : R . . Lt
(iii) The = n n mass combinations corresponding to the reflection of a A
N ‘ v
M(pn ) = 1130-1300 MeV.
++
(iv) The & band itself.
+ .
In Fig. 7 we show the =n = “7° mass spectrum with cuts (i) and (ii); Fig. 8
“with cuts (i) to (111); and Fig. 9 with cuts (1) to (iv). The number of
events which can be ascribed to the h(lOOO) signal are shown in each case.
We flnd thus that there appears to be a residuval effect Mh -1000 MeV,
h = 50 MeV which may have contrlbuted in some degree to the old H(990)

+
observations, partlcularly in the = d - 1o x pp reactlon. This effect

appears to be produced primarily in the ehannel
+ +
n p = pr n(1000) .

As the h(1000) occurs on a very large background we are at present unable to
determine JP, decay modes, or whefher it occure as the decay of another_object,
CeZe, | , -

X' = x +1°(1000) .
Furthermore, it is noteworthy that in our data we observe only about 20 cases
of ¢ - KK (also prodﬁced_outside the &7 band).® This implies about 10
¢ - np decays are expected. Thus the h(1000) effect cannot be due to theb

np decay of the ¢ meson in this case. This also raises the interesting
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question whéthef the ¢ — np observations in the literature

-5- _ g - UCRL-19229

2 could actually

be attributed in part to h(1000).

In concliusion then, while thé"H(990) may be dead,'tﬁe h(1000) appears

to have arisen like a phoenix from the ashes.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission: .

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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