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An observation of an excited A}® baryon decaying to
Adatr—, with AY — pA~xt is presented. We reconstruct
39.7+8.7 A}* baryons with a mass of 340.440.64£0.3 MeV /?
above the A} mass. The upper limit on the resonant branch-
ing ratio is BR(AT® — Ser®)/BR(AT" — Atwxtr™) < 36%
at the 90% confidence level.

Charm spectroscopy has provided excellent tests of
QCD quark models and Lattice Gauge calculations. The
higher mass of the charm quark, relative to the strange
quark, allows for more reliable results using QCD calcula-
tions. These tests have been limited mainly to ¢ meson
spectroscopy. Data on charm baryon spectroscopy can
be used to test further the agreement of various QCD
mass predictions, in particular relativistic effects associ-
ated with the light quarks in the charm baryon.

Table 1 shows predictions for the masses of the JP =
17 and 27 excited states of the A} and E. baryons in a
relativistic quark model with chromodynamics by Cap-
stick and Isgur [1]. The AT baryon is forbidden to decay
to AFx? since isospin is conserved in strong decays. If
the A}* has enough mass it can decay to Af7t 7~ (and
AFaP%?). Note that il the £}* baryon has enough mass
it can also decay to Atatr~ as well as At 0.

Evidence for an excited charm baryon state was first
presented by ARGUS [2]. They reported a state decay-
ing to A¥a* 7~ with a mass of 2626.620.5+1.5 MeV/c?.
They also report the branching fraction BR(A}™ —
B.rE)/BR(AT — Afata~) = 0.51 £ 0.23. Although
the observed signal could be due to either a A} or a X7

baryon, it is almost certainly a A} baryon, either the %“

or/and the 27 state because these are the two lowest
lying states (see Table 1). These two states are pre-
dicted to have approxiinately the observed mass differ-
ence while the £ states are predicted to have a much
higher mass difference [1]. Furthermore, the X} state
should also be observable via its decay to Afn® Al
though a scarch for a ©}* state decaying to AF#° has
not been reported, there is no evidence for the isospin
related states decaying to Ara* [3]. We shall refer
to the state first observed by ARGUS as the Al or
the A.(2625). Prelitninary results from both CLEOII
[4] and E687 [5] confirm the existence of the A (2625).
CLEOIT reports 174421 events for A}™ — Afat 7™ with
a mass difference of 342.14+0.4::0.5 MeV/c? and 5715
events for AY* — ATa%7% with a mass difference of
340.740.941.4 MeV/c?.

This paper presents confirmation of a photoproduced
A(2625) decaying to A7 rTx~, where the A} is recon-
structed via its decay to pR~r+. Throughout this paper,
the charge conjugate state is implied when a decay mode
of a specific charge is stated.

The data for this analysis were collected in 1990 and
1991 in the Fermilab wideband photopreduction experi-

ment E687. About 500 million triggers were recorded on
tape during this period. The E687 detector is described
in detail elsewhere [6].

A number of cuts were used to select pK~ 7™ com-
binations. Each of the decay secondaries must be re-
constructed in both the microstrip and multiwire pro-
portional chamber systems, and the two sets of track
parameters must agree within measurement errors. In-
formation from the Cerenkov counters is used to select
protons, kaons, and pions.

The A} decays were reconstructed by a a candidale
driven method [6]. The three microstrip tracks of the
pK~ 7% combination forming the secondary vertex are
required to extrapolate back to a single point with a con-
fidence level greater than 1%. The candidate A} track
must form a primary vertex with at least one other mi-
crostrip track with a confidence level greater than 1%.
An important cut in isolating charm signals from unon-
charm background is the significance of detachment of
the primary and secondary vertices. We use the variable
£/oq, where £ is the signed three dimensional separation
between the primary and secondary vertices, and o is the
error on £ camputed on an event by event basis taking
into account the effects of multiple Coulomb scattering.

Figure 1{a) shows the pK~r* invariant mass plot for
¢/o; > 4 and a momentum cut on the pK~7+ combina-
tion of p,+ > 50 GeV/c. Monte Carlo studies show that

pK~r* combinations from A} baryons have a harder
momentum spectrum than background pK~#* combi-
nations. The momentum cut keeps almost all the signal
and improves the signal-to-noise so that a looser £/m; cut
be used.

In the pK~at#T#~ combination, the two primary
(7* %) pions are required to be reconstructed in both
the microstrip and the multiwire proportional chamber
systems. In addition the microstrip tracks have to he
part of the already reconstructed primary vertex. Lo re-
duce systematics we look at the mass difference between
the pK—n+#t %~ combination and the pK~ 7% combina-
tion: AM = M(pK~zt7+3~ )~ M(pK~n%). Note that
for each event, all #¥ %~ combinations are used with each
pK~ 7% combination.

Figure 1(b) shows the mass difference with a +2¢
(£19.2 MeV/c?) cut on the pK~at mass around
2.285 GeV/c?. The mass difference distribution for back-
ground is shown by the dashed histogram. The back-
ground is from two sources: random pK~ =zt combina-
tions; and real A} baryons with random #¥%~ combi-
nations. The random pK~xt combination background
is given by the (properly normalized) A} sidebands. A
measure of the second background source is given hy
the pK—at#t#t and pK~«t 7~ %~ combinations where
(random) pK~ 7+ sideband contributions have been sub-
tracted. A maximum likelihood fit, using a Gaussian
signal and linear background, to the mass difference dis-
tribution yields 39.748.7 events in the peak with a mass
difference of 340.4+0.6::0.3 MeV/c?. The first error is



the statistical error and the second is the systematic
uncertainty. ‘The major contribution to the systematic
uncertainty comes from fluctuations in the fitted mass
difference for different data samples collected with vari-
ous cuts, and for different fit functions and fit methods.
Monte Carle studies show that the shift in the mass dif-
ference due to acceptance is negligible (0.06 MeV/c?),
and our (high statistics) data on the M(D%x+) — M(D°)
mass difference agree with the world average value [7] to
within 0.01 MeV /c?.

The width of the peak is found to be 2.2+£0.5 MeV/¢?
which is consistent with the value of 2.8740.04 MeV /c?
due to resolution alone, as determined in a Monte Carlo
study.

Figure 1(c) shows the pK~#7 invariant mass when a
cut is made in the AM mass difference of 20 about
3404 MeV/c?. A fit to a (Gaussian and linear background
yields 47.948.9 events. This gives further evidence that
the peak in the mass difference is really associated with
a AT

The resonant decays A7 — ZPat and A7 — Eftz
were investigated by plotting the M(AF#%) — M(A})
and M(AY7x~) — M(A}) mass differences for a £2¢ cut
on the pK~ % mass around 2.285 MeV/c? and a +2¢
cut on the AAM mass difference around 340.4 MeV/c2.
These mass difference plots are shown in Figure 2. In
these plots, a fit function consisting of a quadratic back-
ground function plus two (Gaussians was used. Due to
the limited range of mass combinations constrained by
the two mass cuts used, an actual A7 — EF+t7~ event
will also produce an entry in the M{Atx~) — M(A])
mass difference plot leading tc a “false” peak at a
mass of 3404 — (M(TFT) — M(AF)) MeV/c?  Simi-
larly a 2 signal will give rise to a “false” peak in the
M(AFnt)— M(A}) mass difference plot. For the fit, the
widths of the real ¥, in the mass diflerence plot were
fixed at 1.77 MeV/c? and the widths of the “false” peaks
were fixed at 2.84 MeV/¢?. These widths were obtained
in a Monte Carlo study. The I, peak mass difference
values were also fixed in the fit to 167.8 MeV/c? and the
false peak fixed to 172.6 MeV/c?. Equal masses for the
£+ and the £2 have been assumed and an average of the
world average values for these masses [7] and recent val-
ues obtained by CLEOII {8] were used. The background
function used was obtained from a Monte Carlo study of
non-resonant decays of the A7,

The fit of the two histograms shown in Figure 2 was
done in a combined maximum likelihood fit, so only three
fit parameters were used in the fit of the two histograms:
the number of £}t the number of £Y and the number
of background events. The fit gave 4.14+3.2 7 and
1.042.9 XY events. A study of the A} sidebands shows
no evidence for (background) Tf+ or £? in our sample.
Other fitting methods and fit functions gave fit values
within one (statistical) sigma of these values. In par-
ticular a fit was tried where the number of £} % and the
number of £2 were constrained to be the same, this might
be expected from Isospin conservation if one ignores any

small differences in mass between the £F+ and the XY,
Due to the limited statistics and the fact that the reso-
nant decay is consistent with zero, we prefer to quote an
upper limit for the resonant decay. The actual limit was
determined by studying the limits cbtained using various
cuts and fit methods and is corrected by 4.6% for the fact
that only a £2¢ region about the Al mass was used in
the analysis. The final 90% confidence level upper limit
for the resonant decay is

BR(A! — TH+n-)+ BR(AL — £0n)

< 36%.
BR(A: — ATztz-) ‘

Theory predicts two Al states (1/27 and 3/27) split
by spin-orbit interactions. While non-relativistic models
predict relatively large spin-orbit splittings [9], relativis-
tic models predict much smaller spin-otbit splittings [1].
We do not see any significant evidence of another peak
in the mass difference distribution up to 450 MeV/c?,
whereas we might have expected to see both the 1/2°
and the 3/2~ states in this mass difference range. Three
possible explanations are: the 1/2~ and 3/2~ splitting is
too small to be resolved; the production of the two states
is very different in our experiment; or the two states have
very different branching ratios to AYxt7x~, (e.g. if one
of the states has a low enough mass to be below the
Afzt 7~ threshold).

1t should be noted that there is some preliminary evi-
dence from CLEQ for a state decaying to AT n+z~ with
a mass difference of 308 MeV/c? [3]. However, the exis-
tence of this other state needs to be confirmed. Due to
our limited statistics, the unknown relative production of
the 340 MeV/c? and the 308 MeV/c? A! states and the
unknown branching ratios, we can neither confirm nor
rule out the existence of this additional A} state.

In conclusion, we confirm the existence of an excited
charm baryon state at a mass of 340.420.620.3 McV /c?
above the AT mass. The upper limit on the resonant
branching ratio to &f¥z~ + Tx* relative to Atz 7~
is 36% at the 90% confidence level.
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FIG. 1. (a) pK~ =" invariant mass plot for £fa; > 4
and py+ > 50 GeV/ce; (b} Using the data of (a),
AM = M(pK~xtzt57) — M(pK ~r*) mass difference for
IM(pi~nt) — 2.285] < 19.2 MeV/c? (circles) and for back-
ground (dashed histogram); (c) pK~ =% invariant mass plot
asin (a) together with |AM —0.3404| < 4.4 MeV/c?. The fits
shown on the plots are to a Gaussian signal with a quadratic
background (a) or a linear background function (b) and {c).

FIG. 2. (a) M(AYr™) — M{A7) mass difference; and (b)
M{AT=t) — M(A}) mass difference. The fits shown are de-
scribed in the text.

TABLE 1. Mass predictions for the ground state and some
excited states of the A} and ¥, baryons taken from Ref. [1].

state I mass AME
(MeV /%) (MeV/c%)
Ac ¥ 2265
Al i 2630 365
Al £ 2640 375
b i 2765 500
DI c 2770 505

*Mass above the ground state of the A..
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