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1. We propose to study pp interactions in BEBC at or above 10 GeV/c with as
large statistics as possible, in order to search for the possible production,
in pp annihilations, of narrow-width resonances which could be associated with
"charmed quark " mesons. These could be produced either as single particles
(cT) in reactions of the type:

pp ~ ¢_mr's ' ¢' mm's
C C (1)

pp > n mun's ’ n' mr's
c c

or, for the mesons (cq) in pairs i.e.
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of course the detection of reaction (2) with narrow-widths resonances would
represent strong evidence in favour of the charm theory. Tentative estimates of
Ehe branching fractions of the decay modes of the D's have been given El],

(2] and are listed below:
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The cross sections for production of ¢ , n_, D's in strong inter-
actions are of course unknown. Our optimism in favour of a p experiment
is justified by the following points:

- The 5p annihilation reactions provide the highest CM energy available
in "central" (non peripheral) collisions. They represent a large
source of high Py events (Fig. 1), the most promising region to look
for production of high mass objects.

- In the hypothesis that in production, charm behaves as strangeness
one might expect [l1] that o(charmed)/c(K) T o(K)/o(w). 1In this
respect the p's are good candidates for producing charms since a
large fraction of OannigILATION has been measured to go into
KgK + anything as shown in Fig. 2. Incident 7's also have a sizeable
cross section (v 2 mb at 10 GeV/c) for production of KK pairs; in .
this case however the KK systems are strongly collimated forward
and a large fraction of the events (v 70%) are concentrated at low
Q-value in the KK system (Fig. 3) [3].

- Evidence for narrow resonances production in p reactions already
exists although with statistics somewhat limited i.e.:
- ¢C(?) : ﬁn data at 5.5 GeV/c [4] show a sharp enhancement at 3.1 GeV.

- nc(?) : pp data at 5.7 GeV/c [5] show sharp enhancements,
compatible with ' = O MeV at 2.37 GeV and 2.61 GeV (Fig. 5).

EXPERIMENTAL CONDITIONS

We propose to look for reactions (1) and (2) at a p momentum of 10 GeV/c
(E¥ = 4.54 GeV) which corresponds to a threshold mass for the D in reaction (2)
of v 2.27 GeV. Higher momentum p would be desirable provided that this does
not endanger the experiment by setting too stringent requirements on the .
beam.

ADVANTAGES OF USING BEBC

BEBC is ideal for the type of physics we propose to study here in that
in combines, at the same time, the following characteristics:

a) Good resolution (e v 250u, H = 35 Kgauss). Events simulation studies
of reaction (2) at 10 and 12 GeV/c in BEBC and the 200 HBC gave the
results shown in Table I (Appendix 1). It appears that for H = 35 Kgauss
the resolution on effective or missing masses is v 3-times better in
BEBC than in the 200 HBC. If it turned out that running with
H = 35 Kgauss (with the metal piston in BEBC) worsened the €, a
field as low as 20 Kgauss would still be acceptable as it gives AM's
of the order of a factor 2 better than in the 200 HBC.



b) Reasonable particle identification (ionization density, high
probability for §-rays on secondary tracks, dE/dX over a long length
trapping, secondary interactionms,...). This property may turn out
to be extremely useful in detecting "anomalous" events: strangeness
non conservation (as expected in charmed mesons decay), anomalous
VO decays, etc.?

c) Good strange particle (V°) detection efficiency.

d) Good y-ray detection efficiency (v 15%).

METHOD OF ANALYSIS

Reactions (1) will be hopefully detected as sharp peaks in the
various mass spectra in the usual way. The drawbacks which afflict the
high multiplicity events, i.e., the large number of (wrong) combinations,
are partly overcome here by the good AM resolution, which enhances the
separation between the sharp peak and the background.

In the case of pair production (reaction 2a) we propose to get all
decay modes of one of the D—mgsons : DK“'Da 1 °r wan'ﬁall ... by
studying the events on the 45~ line in the—— scatter diagram of
Mg (Kmm) - -+ VS. the missing mass to the system Km or Kmm ... (Fig. 6).
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Similarly, for reaction (2b) one could plot MKWetc. vs. the missing
mass to the (KT + mm's (charged) system.

In this way all events can be used independently of their constraint type,
with (at least) the measured resolutions on effective and missing masses
given in Table 1. In particular these small errors will open up the
possibility to use all O-C events which at 5.7 GeV/c, represent some 70%
of all Kg annihilations. This method presents also the advantage of
decreasing the number of combinations to be considered since in the



scatter diagram of Fig. 6, no specific mass assignment is necessary
inside the system treated globally as "missing mass".

If an effect is detected, BEBC characteristics mentioned above
will allow a clean sample separation - with background proportional to
AM - ; this together with the good particle identification and v® and

y-detection will contribute to a clear determination of its different
properties e.g. angular distributions, decay modes, cross sections etc.

NUMBER QF EVENTS

In the beam time available for BEBC one could get several hundred
thousands of pictures with up to 50 events/ub (500 kilopictures with
10 p per pulse in 250 cm INVOL).

Sror A~ 50 mb 50 events/ub > 2.5 106 events
’\I 12 " ” " 0 . "
Y ANNTHIL. md > 0.6
0.0 vl mbi2 mb " " " > 50'000 : 100'OOO events
seen

SCANNING AND MEASURING CAPACITY

The two groups with their ERASME capacity (in CERN) and an HPD (at I.C.)
could scan and measure the load of this experiment with up to 100'000 vo
events in approximately 1 year.

We propose to measure in the first place all events with associated
v°'s. These are mainly K° annihilations although A's and A's will also
be present and will be measured at the same time. Subsequently the other
annihilations will be 'scanned for and measured (with some selection .
criteria to eliminate small p secondary protons or antiprotons).

Independently of the outcome of the charmed mesons search, a p run
in BEBC in the 10 GeV/c region would represent a good complement to the
P experiments now in progress in the 200 HBC at 12 GeV/c at 12 GeV/c
(CERN TCC 72-39) or proposed in the same chamber by the "Working party
on P interactions" (CERN TCC 74-25).
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APPENDIX

Results of a study of event simulation comparing resolutions in
the 200 HBC and BEBC are shown in Table I.

The reaction generated is

- - ++ -
-> D . > k- . ->
PP Do o Do m 7 Do all

_ The DO is detected by the effective mass of the (km) system, the
D by the missing mass to the Kmn system.
le)

The widths of the D's were rﬁD=C); the angular distributions were
assumed isotropic both for the production and decay of the D's.

The parameters l/p, A,¢ were given spreads within their errors
(Coulomb + distortions) in the usual way. The incident p momentum was
assumed to be known from the beam optics to - 0.2%, the A and ¢ are mea-
sured in the chamber (10 cm track length in the case of the 200 HBC,

15 cm in BEBC). No secondary interactions nor decays were introduced
and the tracks were taken as straight. The errors on the masses given in
Table 1 correspond to AM measured of the type one could use for all

events Oc, lc, 4c.
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TABLE I : pp ?DD, ; D+ K'm ; Do> all + My = 2,15 GeV;FD= o)
200 HBC BEBC
Pinc. _ _ _ !
H=17.5 kgauss H=35 kgauss H=25 kgauss H=20 kgauss
e=70u €=250u €=250u €=250u
+ +
AMk = 122 Mev -8 Mev -9 Mev -11 Mev
10 GeV/c m N . .
bmM = %30 Mev Zi1o " 13 -15 "
+ +
AM ZL—24 Mev i9 Mev -10 Mev -12 Mev
12 GeV/c + + + +
AMM -43 " -l6 " -20 " -22 "
AMM = error on missing mass to the (kw) system
INVOL 200 HBC AX = 100 cm ; Ay = 15 cm ; Az = 2 cm
INVOL BEBC : AX =250 cm ; Ay = 80 cm ; AZ = 4 cm
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