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First Observation of a Family of Double-Charm Baryons*
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The SELEX experiment (E781) at Fermilab has candidates for high mass states decaying to AZK 7" and
AFK™ pitn™, Cabibbo-allowed decay modes of doubly-charmed baryons =}, and Z};*. The masses are consistent
with theoretical considerations, but the spectroscopy is surprising. Limited lifetime information suggests that
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1. Introduction

The existence of baryons with two and three
charm quarks is expected from our present un-
derstanding of hadronic structure. In the double-
charm system one expects a J=1/2 ground state
iso-doublet, termed Zf** in PDG notation [1].
Most predictions for the masses of the J=1/2
states and the J=3/2 hyperfine excitations expect
the ground state near 3.6 GeV/c? and a hyperfine
split of 60 MeV /c? [2].

The production mechanism for double-charm
states is not clear. Perturbative pictures treat
production as successive cC pair production with
enough spatial overlap to form hadrons. Such
cross sections are small compared to single-charm
production.
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2. Features of the Selex spectrometer

The SELEX experiment at Fermilab is a 3-
stage magnetic spectrometer [3]. The negative
600 GeV/c Fermilab Hyperon Beam had about
equal fluxes of 7= and ¥~. The positive beam
was 92% protons. For charm momenta in a range
of 100-500 GeV/c mass resolution is constant and
primary (secondary) vertex resolution is typically
270 (560) um. A RICH detector labelled all par-
ticles above 25 GeV/c [4]. Details of single-charm
analyses involving Af — pK 7" reconstructions
can be found in [5,6]. The double-charm search
discussed here began with the sample of 1630 A
events used in the lifetime analysis [5].

3. Double-charm Analysis

This topological search for double-charm
baryons asks for a decay vertex lying between
the primary vertex and the observed A} decay
vertex. A Cabibbo-allowed =}, decay can give a
final-state A}, a K=, and a 7", shown schemati-
cally in Fig. 1.

We reconstruct total charge states Q=1 (neu-
tral 2-prong vertex) and Q=2 (positive 3-prong
vertex) in separate reconstructions. Few of the
tracks from the intermediate vertex are RICH-
identified. We call the negative track a kaon in
the right-sign reconstruction. The same events
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Figure 1. Schematic of =}, — K=nt Al

have a wrong-sign reconstruction, calling the neg-
ative track a pion.

Event selection cuts used here were taken with-
out change from previous single-charm studies.
For short-lived states, Ly /o1 > 1 and the Aj mo-
mentum vector must point back to the primary
vertex within a x? cut of 4. We have varied the
cuts and observe that no signal significance de-
pends critically on any cut value. The cuts were
checked with simulation studies using several pro-
duction models for double charm.

3.1. Q = 1 reconstruction

For single-charged baryons, the K™7T A} mass
distribution is shown in Fig. 2. Fig. 2(c) shows
a =}, candidate at 3520 MeV/c?, consistent with
most model calculations. The peak is narrow but
consistent with simulation. The general agree-
ment between right-sign (a,c) and wrong-sign (b)
average levels and fluctuations in Fig. 2 confirms
that most events are combinatoric background.
The signal region in (c) contains 22 events with
a background of 6.1 £ 0.51 events, for a single-
bin significance of 6.3 . The probability of such
an excess is less than 1076 for a single bin. We
searched for a peak in the interval 3.2-4.3 GeV /c2,
or 110 bins. The probability of such a fluctuation
anywhere in the search interval is < 1.1 x 107%.
SELEX has reported this as the first observation
of a doubly-charmed baryon [7].

Using the reduced proper decay time t* =
M(L — Lyin)/pc we find that the lifetime < 33
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Figure 2. (a) The AF K~ 7" mass distribution in
5 MeV/c? bins. The shaded region is shown in
more detail in (c). (b) The wrong-sign combi-
nation Af K7~ mass distribution in 5 MeV/c?
bins. (c) The signal (shaded) region (22 events)
and sideband mass regions (140 events) in 2.5
MeV/c? bins. The fit is a Gaussian plus linear
background.

fs at 90% confidence. Here L,;n = o1 the error
on the vertex separation L;. The SELEX proper
time resolution is about 20 fs. With constructive
interference between the two c-quark decay am-
plitudes along with the W-exchange amplitudes,
this state could have a lifetime shorter than the
=,
3.2. Q=2 Reconstruction

For double-charged baryons, we look for
an isospin partner of the Z=71.(3520).  The
K 7tatAF mass distribution in the vicinity of
3520 MeV/c? is shown in Fig. 3, along with the



wrong-sign background.
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Figure 3. 2, — K nt7nt Al mass distribution
in 7.5 MeV/c? bins. Signal events are shaded.
Wrong-sign background is shown as open his-

togram boxes.

There is a 21, candidate at 3460 MeV /c?. The
observed width (6 & 1 MeV/c?) matches simu-
lation. Events outside the signal region show a
strong preference for the center-of-mass (CM) an-
gle of the negative track to be near 180 degrees.
Simulation indicates that a cut to remove such
events should have very little effect on the signal
region for a phase-space decay distribution. That
is indeed the case in the data. With the selection
shown, we find 9 events in the peak, compared
to an expected background of 1 event. The Pois-
son probability that there is an excess of 8 events
or more anywhere on the plot is 107°. There
are too few events to attempt a lifetime anal-
ysis. The EfT candidates have a raw average
proper time (uncorrected for acceptance) compa-
rable to that for the =}, candidates, suggesting
that Tgt ~ Tgi .
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3.3. Production

Both 2, and Ef* states are produced only
by baryon beams in SELEX data. There are no
signal candidates from the pion beam. Simula-
tion studies suggest that the double-charm states
may account for as much as 40% of the A sample
seen in this experiment, a surprisingly high frac-
tion. This situation is reminiscent of the discov-
ery of the = baryon in the WA62 experiment at
CERN, using a 135 GeV hyperon beam [8]. The
FOCUS photoproduction experiment at Fermilab
has looked for these states using their AT events
and sees no signal peaks [9]. If SELEX is correct,
the hadroproduction mechanism is unusual.

4. Summary

SELEX has introduced two statistically-
compelling new high-mass states that decay into
a final state AT, K~ and one or two 7, as ex-
pected for double-charm baryon decays. The 3520
MeV/c? state satisifies all expectations for being
a =1 state [7]. Its lifetime is shorter than 30 fs at
90% confidence. The 3460 MeV/c? state has the
decay characteristics of a 21 state. It is difficult
to understand the 60 MeV /c? mass difference be-
tween the Q=1 and Q=2 states if they are mem-
bers of the ground state isodoublet. However, any
other interpretation is also problematic.
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