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ABSTRACT

We present the results of a search for charm F mesons in 360 GeV/¢
v p interactions. Several methods have been used; all yield no
evidence for the F and are interpreted as 90% confidence level cross

section upper limits.
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We have searched for evidence of the charm F particle in & CERN
experiment (NA27) using the small Lexan liquid hydrogen bubble chamber
LEBC and the European Hybrid Spectrometer EHS exposed to a 360 GeV/c
% beam. A prototype version of LEBC-EHS was used in the previous
experiment NA16. A detailed technical description of that set—up and the
experimental technique has been published [1]). The differences between
NAl6 and the present set-up are discussed elsewhere [2]. For the present
work, the crucial improvement to the apparatus is the implementation of
charged particle identification in the momentum range 4 to 50 GeV/c. This

is achieved via the pictorial drift chamber ISIS ([31].

The bubble chamber was equipped with an interaction trigger and the
experiment yielded 850,000 triggers containing 265,000 good hydrogen
events. The resolved bubble diameter was £ 20 ym. The scanning
efficiency for charm topologies was computed to be 95%, based on two

independent scans.

The experiment has produced a sample of 116 events containing 185
charm decays. Of these, 22 are neutral 4-prong decays. The results of an
analysis of these 22 decays have been presented in an earlier publication
{2]1. 1In the present work we concentrate on the multi-prong charged
decays. These can be subdivided into four 5-prong decays (C5 topology),
43 clear 3-prong decays (C3), 12 additional 3-prong decay candidates (X3}
and a further 23 decay candidates which have at least 2 decay tracks and
are consistent with being 3-prong charged decays (X2). The X3 and X2
decays have a vertex which is obscured by other tracks in the event. X3
decays have 3 tracks with detectable impact parameter relative to the
production vertex; X2 decays have 2 tracks with detectable impact
parameter. In all cases the event multiplicity favours the decay
assignment for these vertices. A major advantage of using hydrogen as
target material and vertex detector is that the overall multiplicity count

is sufficient to separate decays from interactioms.



-4 -

Out of the 82 charged decay candidates, there is no decay which can
be unsmbiguously identified as that of an F meson(*). In other words, at
the level of kinematic fits and/or decay product identification all decays
are consistent with D, Ac or Kc. More details on the Dt and Ac (Kc)
decays are given elsewhere [5]. In the following we present the results
of 3 separate methods to search for F decays in this charged decay
sample. These methods rely on charged decay particle identification,

charged decay particle effective mass analysis and kinematic fits.

An ionisation probability Pi(m) is computed for each track i with
ionisation information from ISIS and for the mass assignments m = electron,
pion, kaon, proton. A track is said to be identified if the probability
for its most probable mass assignment is larger than two times the next
most probable one (and is larger than 1%). It is ambiguous otherwise. A
track is said to be consistent with a given mass assignment, if Pi(m) is

larger than 1% for this mass or without ionisation information in ISIS.

We first look for kaons in the tracks with the same charge as the
parent since this could be a good signature for the presence of Ft in
our samplg of charm decays. Fig. 1(a) shows the scatter plot of Pi(ﬂ)
Versus Pi(K) for all decay particles with the same charge as the parent
and fig. 1(b) the scatter plot of Pi(K) versus Pi(p) for the same
tracks. The sample used is the fully reconstructed C3, X3 sample already
mentioned with the additional requirement that all 3-decay tracks have an
impact parameter relative to the production vertex of at least 7 Hm.
This cut is intended to remove neutral charm V-zero decays which are lying
on top of a production track and thereby simulating a 3-prong charged
decay. After these cuts the number of fully reconstructed C3 and X3
decays is 28, Of the resulting 56 tracks with the same charge as the

parent, 41 have the ionisation information displayed in fig. 1(a), 1(b).

(*) It is interesting to note that the first LEBC-EHS experiment NA16
reported 3 F candidates and these candidates geve an F lifetime
estimate significantly lower than the D lifetime {4]. Unfortunately,
in the absence of charged particle identification, none of these
candidates can be uniquely identified; all of them are consistent
with D decays involving multi-neutrals.



Most tracks are clearly identified to be wi. The two tracks at
the origin in fig. 1(a) with both K and = probability < 1% are
identified electrons (confirmed by signals in the EHS y detection
system). Both are from semi-leptonic D-decays. Five tracks are K/w
ambiguous and for the tracks labelled A, B and C the kaon hypothesis is
preferred on fig. 1(a) but fig. 1(b) shows clearly that they sre protons.

We conclude that there is no charged decay in our 3-prong sample
which has an identified K decay product of the same charge as the parent
particle. In order to convert this non-observetion of Ft > Ktx
(X = 2 charged + any number of neutrsal particles) into a cross section
eptimate we use a Monte-Carlo technique and the experimental sensitivity

of 15.8 evt/ub. F mesons are assumed to be produced according to:

dN n 2
—_ (1—xF) exp(-b pT).

ddep;
where we let n vary between 3 and 7 and b between 0.7 and 1.1 [6]. Decays
are generated according to a given F lifetime and the Monte-Carlo weight
gives the fraction of decays which would have been detected. A
comprehensive simulation of the ISIS particle identification character-
istics was also included in the Monte-Carlo program. Im particular, we
again emphasise that we have included identical particle identification
¢riteria in both data treatment and Monte-Carlo simulation; thus our
charged particle identification efficiency is incorporated into the cross
section estimates. In this way we obtain the 90% confidence level upper
limit shown in fig. 3(a) as a hatched band. This band shows the inclusive
F cross section (o_) times branching ratio (B) versus assumed F
lifetime for Ft = Kix. The width of the band indicates the
difference between n = 3 (upper edge) and n = 7 (lower edge) in the
assumed Xp distribution. The result is much less sensitive to the Pr
dependence; varying b in the Monte-~Carlo from 0.7 to 1.1 gave << 1%

difference in the cross section determination.

A similer analysis for the S-prong sample gives the same result; we
have no charged decay of any of the multiplicities discussed here giving a
uniquely identified K of the same charge. Adding the small C5 sample to
the C3 sample does not significantly alter the upper limit curve given in

fig. 3(a).



To illustrate the validity of the above method, we show in fig. 1(c)
the scatter plot of Pi(ﬂ) Versus Pi(K) for the tracks with opposite
charge to that of the parent particle. There is a clear K signal
associated with Cabibbo allowed D decays. The magnitude of this signal
is in good agreement with our value for the inclusive Di cross section [5]
and the 16 * 4% branching ratio [7] for Dt -+ K;X, taking into account the
topological branching ratio Dt =+ 3-prong (43%) and Di 2 5-prong (3%).

We now turn to a search for Fi > ¢wt > K+Khﬂi. In order to maximize
the number of candidates for this exclusive final state, we enlarge our
sample to all topologies compatible with a 3-prong decay which have 3-decay
tracks reconstructed. Thus we use C3, X3 and X2 decays; in order to
convert X2 decays into 3-prong charged decays we include, one-by-one,
production vertex tracks which overlap the X2 vertex. For these decays

+ + + - * . R .
v and w v v effective mass spectra are shown in fig. 2,

the K+K‘wt, K;ﬂ
keeping only the combination of mass assignments which are consistent with
ISIS informaetion. 1In all plots, the X2 entries are shown hatched. The
distribution of fig. 2(a) peaks in the 1.2 - 2.0 GeV/c- region but

with no compelling structural evidence of the F.

In the Kwwr mass spectrum (fig. 2(b)) there is a clear structure
at the D mass. If all decays in this D region (black bins) are removed
we remove the black bins in the KKv distribution of fig. 2{a). 1In
addition, there is no evidence of ¢ in these decays in the F mass region;
the six decays consistent with 1.90 < M{(KKw) < 2.10 GeV/c2 have M(KK)
equal to 1.27, 1.66, 1.52, 1.62, 1.78 and 1.85 GeV/c~, respectively.
The K+K_ mass resolution at the ¢ mass is < 5 HeV/cz. From this we obtain
an upper limit of the Ft inclusive cross section times branching ratio
for Ft > ¢wi. A Monte-Carlo factor again corrects for the detection
efficiency as a function of lifetime and one obtains the solid curve in

fig. 3(a) for dF.B {here we have assumed n = 3 in the X dependence) .

If we restrict ourselves to the F lifetime of 3.2 x 10ﬂ13 8

reported by the NAll Collaboration [8] we can quote the following 90%
confidence upper limits (xF z 0): GF.B(Ft > Kix) < 650+nb (with X = E i
charged plus any number of neutral particles and GF.B(F_ > ¢, & > KK)
< 360 nb. If we make the reasonable assumption that all these decays near

z . - . . .
to 2.0 GeV/c 1in KK are kinematic reflections of D » Kxw, then the
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s0lid curve in fig. 3(a) still shows oF.B (within ~ 10% the Monte-Carlo

factors are the same for both decay modes) but B is now the branching ratio for

F - KEv {including F = ¢w).

The method applied here to search for FT oo ¢w+ can also be used
for a similar search for Foo w+ﬂ+n_. We now request that the 3
reconstructed decay tracks are consistent with pions in ISIS. The 3 pion
effective mass (fig. 2{(c)) shows that one combination (one of two
combinations from the same X2 decay) is compatible with the mass of the
F¢(1970) but consistent with the expected background. This result can be
used to compute at 90% confidence level the product oF.B (dashed curve
on fig. 3(a)). A search for n = ﬂ+ﬂ_w° for these decays gives
no evidence for F = nwt nor indeed for n. A similar sesrch for

n * Yy also gives no evidence for wu.

Finally, an estimate of the F cross section upper limit can be
obtained from the complete C5, €3 and X3 sample. As noted before, no
decay gives a unique particle identification confirmed F fit whereas there
are clear examples of unique particle identification confirmed Di and Ac
decays. If one concentrates on the most clear topologies with high
quality(*) reconstructed tracks one finds 25 Di candidates with Xp > 0.0
{and 10 with X, < 0.0). Of the 25 decays, 22 are unique Dt and 3 are D/F
ambiguous. One of these ambiguous decays has no kinematic preference for
either D or F and in addition the crucial decay particle is K/v ambiguous
in ISIS. This decay has a proper lifetime of 4 X 10°*% 5. The other two
decays both have appreciably higher probability D solutions but neverthe-
less both have weak but acceptable F solutions. The proper lifetimes of
these two decays are 14 X 10*13 s and 42 X 10“13 s, respectively. To
obtain the F cross section, again we use a Monte-Carlo technique and again
our treatment of the Monte-Carlo events is identical to that of the data.
Thus, for the x_ > 0.0 data, we obtain the curve shown in fig. 3(b) for

F
the 90% confidence level upper limit of OF'BF (3,5)/0 .BD(B,S) as a

D
function of assumed F lifetime, where BF(3,5) and BD(S,S) represent the
branching ratio into 3 + 5 prongs for F and D, respectively. If one makes
the plausible assumption BF(S.S) = BD(3'5) then the curve of fig. 3(b)

gives the upper limit ratio of inclusive F to D cross sections. We

(*) By high quality track we mean that the track is detected in at least
five of the EHS multi-plane wire chambers.



-8 -

emphasise that this latter upper limit calculation is the only one based

on unique F fits, none of which exist. On the other hand if the F lifetime

+
is sufficiently short there are 24 unique D~ fits and this only reduces to
+ +
22 unique D~ if the F lifetime is of the same order as the D~ lifetime.

These numbers of decays are used in computing fig. 3(b).

To summarize, we see no evidence for F production in a 360 GeV/c

w p experiment. The experiment is sensitive down to a charm particle
lifetime of ~ 10-—13 s and gives clean, reliable, unambiguous results on
Do, Di and Ac properties [2,5]. Assuming an F lifetime of 3.2 10 '3 s
(81, we can quote the following 90% confidence level upper limits

(xF z 0.0):ch.B(Ft - ¢ﬂi; ¢ - K+K_) < 360 nb; GF.B(Ft > w+whwt) < 300 nb;

+ +
cF.B(F“ + K'X) < 650 nb; o /cD < 13%, giving o_ < 750 + 200 nb when a

F F
+
measured inclusive forward D~ cross section of 5.7 + 1.5 #b [5]1 is used.
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FIGURE CAPTIONS

Fig. 1 Particle identification characteristics for the decay particles
of the 3-prong decay sample. The parent sample contsains both C3
end X3 decays (see text) where all 3 decay tracks have impact

parameter relative to the production vertex of > 7 um.

Decay particle with same charge as the parent (2 entries per

decay):
(g) P(K) versus P(vw);
(b) P{K} versus P(p);

{c) decay particle with opposite charge: P(K} versus P(w).

Fig. 2 Effective mass distributions for all 3-prong decay candidates
(C3, X3 and X2, see text) containing 3 well reconstructed
tracks. Hypotheses are consistent with the ISIS charged

particle identification.

- ¥
(a) K+K L

+
(b) K7« ;
-+
{c) ﬂ+w o

The hatched entries note the X2 contributions; the black entries

+
are those associated with the D signal of histogram (b).

Fig. 3 (a) Forward hemisphere F cross section times branching ratio
(GF.B) 90% confidence level upper limits versus F lifetime

. . + x * +, -
T,. The solid curve is computed for F~ = ¢n~ {(or F” » K K v~ -

F
+ _ %
see text) the dashed curve is for F~ - o o w and the hatched band is
+ +
for F© » KX with X = 2 charged plus any number of neutral particles.

The band limits represent different xF behaviour (see text).

(b) Forward hemisphere F cross section times branching ratio 90%
confidence level upper limits versus F lifetime divided by D
cross section times branching ratio. The branching ratio is for

F/D into 3 or 5 charged particles plus any number of neutrals.
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