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CHARM AND BOTTOM PRODUCTION
IN FNAL FIXED TARGET EXPERIMENTS

Jurgen Engelfried
Fermilab, Batavia, IL, USA

Abstract

In this talk we will review current results concerning bottom and charm physics from
Fermilab Fixed Target experiments E672/E706, E769, E771, E781 (SELEX), E789, E791,
E831 (FOCUS). Both production and decay physics wil be reviewed. Results from Char-
monium production will be presented in another talk!) at this conference.



1 Introduction

We report here about recent results from Fermilab Fixed Target experiment, which are either
just published or will be published very soon. There are too many new results to be presented
in this talk, so the author selected the most interesting ones.

Experiments E672/E706, E687, E769, E771, E789, and E791 took data in the last fixed
target run in 1990 and 1991. New results on total bottom production cross section, exclusive
D, D*, Dy, and A. cross section, and on production (particle-antiparticle) asymmetries are
available. New limits on D° D° mixing and flavour changing neutral current decays of D° —
ptu~ and DY — Xputpu~ were recently published.

At the end we will present the current status of SELEX and FOCUS, which are taking
data since July 1996.

2 Bottom Production

Total Cross Section for Bottom Production A summary of all measurement to date
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Figure 1: Cross Section for b Production®®).

3 Charm Production

3.1 Cross Sections

Experiment E769, which used 7%, K*, p as beam particles with a momentum of 250 GeV/c
published a measurement of the forward cross sections® for the production of D, D° D,
D*t and A. of all beam particles. This is the first systematic measurement for different beams
and different particles by the same experiment. The same collaboration measured also the
differential cross section for all D mesons (D*, D° D,) as a function of zz and pr”). The
results are shown the figure 2.
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Figure 2: Differential cross section for total D meson production (from”)
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Figure 3: Integrated cross section for inclusive D*

production for zz > 0. For more details see

)

Experiment E706 measured recently®) the
total DF cross section with a 515 GeV /c 7~
beam to (16.6 + 4.5 + 4.8) ub/nucleon. In
fig. 3 the results is plotted together with
results from other experiments, including
the previously mentioned result from E769.
The results seems to prefer a low charm
quark mass.

3.2 Particle-Antiparticle Production Asymmetries

After observing an asymmetry in the production of Dt and D~ with a 500 GeV 7~ beam?,
experiment E791 has now some results about the D, as well'®. In fig. 4 the asymmetry is
plotted as a function of zr and p?, together with their results for the D*. Only a small
asymmetry is observed.

In the previously mentioned paper by E769%) some particle-antiparticle productions are

mentioned as well.

3.3 Other Charm Physics Results

All results seem to be compatible with a leading particle effect, but models still fail to
describe the differential behaviour versus z; and p; in detail correctly.

Two more papers of E791 should be mentioned: the first about the production and mass
splitting of the X0 and the 1+ . This is the best measurent for the mass difference between

A, and X2%F; and the second about the first observation of D — 7 production correlations

12).
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Figure 4: Production asymmetry for D, and D* versus z and p? (from'®).
4 Charm Decays

4.1 Flavour Changing Neutral Current

These decays have in the standard model very small branching ratios, in the helicity suppressed
two body decay in the order of 1079, for the 3-body decay around 107'°, but some extensions
of the standard model predict higher branchings. Experiment E791 published'®) upper limits;
B(Dt - ntutp™) < 1.8x107° and B(Dt — mete™) < 6.6 x 107%, both at a 90 % confidence
level.

E771 found'®) an upper limit for B(D® — utu~) < 4.2 x 107°; this experiment is working
on D¥ — Xutpu~ and hopes to reach a limit of a few x107°

4.2 D" — DY mixing

Experiment E791 submitted two papers, one searching for mixing with the D° decaying into
hadronic final states'® the second in semileptinc decays'®); hadronic final states can also be
reached via doubly—Cabibbo supressed diagrams, so that only the semileptinc results can be in-
terpreted without further assumptions; the final results gives I'(D° — D° — K*1~7;)/T(D° —
Kt 7;) < 0.50% at a 90 % confidence level.

5 Status of Running Experiments

In the current fixed target run, which started in July 1996 and will last until September 1997,
two experiments which are studying charm physics are running at this moment.

5.1 FOCUS - E831

FOCUS is using a photon beam (maximum energy 300 GeV, average 190 GeV). The experiment
is a follow-up of E687, which published more than 30 papers'” in the last 5 years. FOCUS is
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Figure 5: Preliminary mass peaks from FOCUS®). 288 Million raw events where analysed to
obtain these plots; a cut of L/o > 5 was applied.

running at an increased beam intensity and with an improved detector. Some first mass peaks
from this experiment are shown in fig. 5. Up to date the experiment wrote about 3.3 x 10°
events to tape and is on track to reach their goal of 10 times the statistics taken by E687 by
the end of this running period, as demonstrated in fig. 6.

5.2 SELEX - E781

SELEX uses a 600 GeV %~ and 7~ beam. It is a new experiment with new detector. It uses an
online software filtering on secondary vertices. At the current moment, all detectors and the
filter software is commisioned and serious datataking started. First results for reconstructed

D® —» K~7% and AT — pK~ 7" are presented in fig. 7.
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Figure 6: Projected number of reconstructed
golden mode D decays for a particular L/o
cut by FOCUS'®). The goal is to reach 10
times the size of the E687 data set.
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