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Observation of Two Excited Charmed Baryons Decaying intoA} z*
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Using data recorded by the CLEO-II detector at CESR, we report evidence of a pair of excited
charmed baryons, one decaying indd" 7=* and the other intoA}s7~. The doubly charged state
has a measured mass differendéA}7) — M(A}) of 2345 = 1.1 = 0.8 MeV/c? and a width of
17.973% + 4.0 MeV/c?, and the neutral state has a measured mass differeioe’ 7-) — M(A))
of 232.6 = 1.0 + 0.8 MeV/c? and a width of13.0°3] = 4.0 MeV/c2. We interpret these data as
evidence of the&&*** and 30, the spin%+ excitations of theX,. baryons. [S0031-9007(97)02630-6]

PACS numbers: 14.20.Lq, 13.30.Eg

In the standard quark model, singly-charmed baryonsequiring their reconstructed decay points to be separated
consist of a heavy charmed quark and two lightd, ors)  from the main event vertex. To obtain the" yields, we
quarks. In the absence of orbital angular momentum, eaditted the invariant mass distributions for eadli mode
three quark combination can exist in three different spirto a sum of a Gaussian signal and a low-order polynomial

configurations. The lowest lying configuration hHs =  background. Combinations within 1.6 standard deviations
;* and the two light quark splns antlparallel the nextof the mass of the\ in each decay mode are taken as
lowest mass configuration hd§ = 5" and the two light A candidates; the S|gnal ylelds and backgrounds within

quark spins parallel, and the hlghest mass conflguratlot’ﬂls mass window are given in Table | for eati mode.
hasJf = %+ and all three quark spins parallel. When The A} candidates were then combined with each re-
the light quarks are: and/or d quarks, states with these maining charged track in the event and the mass differ-
three different spin configurations are referred toAas ~ enceM(A7~) — M(A") was calculated. To reduce the
., and3? baryons, respectively. When one of the light combinatorial background, we requirg, > 0.5, where
quarks is ans quark the analogous states are referreck, = p/pmax, Pmax = \/Eﬁeam — M?, andp andM are
to as 2., =/, and E baryons. Recently, we reported the reconstructed momentum and mass of ther™
[1,2] the observatlon of two narrow states decaying intocombination. To demonstrate the high statistics and good
E.m, which we identified as th&° and E** baryons. signal to background ratios of the initial} samples, for
Until now, however, evidence fok baryons has been Table | we made a cut on the analogously defined quan-
restricted to a cluster of 6\ 7" events [3] with an tity x,(A}), of x,(A}) > 0.45; this corresponds approxi-
estimated mass differencAM = M(3?) — M(A]) of  mately tox, > 0.5 for A7 7 combinations. We note that
245 + 5 = 5 MeV/c2. Here we report evidence for two charmed baryons produced from decays3aihesons are
particles decaying into\ 7+ and A7, respectively. kinematically limited tox, < 0.4, so thex, cut restricts
The two states have similar cross sections, masses, aadr analysis to charmed baryons producedeby ~ an-
widths. Although the spin-parities of these states are natihilation into cc jets, which are known to have a hard
measured, our interpretation of the data is that the statesomentum spectrum.
we have found are thB:** and2:° baryons [4]. We definefq. to be the angle between the mo-
The data presented here were taken by the CLEO Il denentum measured in the rest frame of thg, and the
tector [5] operating at the Cornell Electron Storage Ringdirection of theA 7 in the laboratory frame. The com-
The sample used in this analysis corresponds to an irbinations are required to pass a cut of (Gas) > —0.4,
tegrated luminosity of 4.8 fo! from data taken on the
Y (4S) resonance and in the continuum at energies justABLE |. The number ofA;’s found with x,(A}) > 0.45.
above and below th¥ (4S). We detected charged tracks Yields are integrated betweenl 60 of the A mass.
with a cylindrical drift chamber system inside a solenoidal  \jode Signal Background
magnetic field. Photons were detected using an electru-

magnetic calorimeter consisting of 7800 cesium iodide’X_7 8364 16291
e 2 i
We reconstructeaU baryons using 13 different decay , 7T+ 70 917 969
modes [6]. Measurements of the branching fractlonsm, ke mt 771 773
into all these modes and the general procedures fofo,+ 704 880
finding them have previously been presented by the CLEQ,* 7+ 7~ 772 691
Collaboration [7,8]. For this search and data set, the&e*K*K~ 61 17
cuts have been optimized for high efficiency and Iow“ K'm* 225 55
background. Briefly, particle identification of K, and E°K" . 128 49
7 candidates was performed using specific |on|zat|orPK 770 77 341 478
measurements in the drift chamber, and when presen’f 228 199
pKOm ™ 266 220

time-of-flight measurements. Hyperons were found byZ
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which suppresses the large background from low mo677743! events, a width o = 17.973% MeV/c2, and a
mentums mesons. The mass difference spectra showmass difference aAM = 234.5 = 1.1 MeV/c?. For the

in Fig. 1 each show clear peaks near 167 Me¥due A} 7~ combinations, we obtain a signal areasof’ 33

to 3. decays, broad enhancements below 204 M€V events, a width ofl = 13.0*3] MeV/c?, and a mass
due to feed-down from\**(2630) — A} 77~ decays difference of AM = 232.6 = 1.0 MeV/c?. The quoted
[9], and broad excesses near 233 Me¥ which are our errors are all statistical.

signals. We note that feed-down fror*(2590) — The extracted parameters are sensitive to the fitting
Al 77~ decays cannot enter the plot at mass differprocedure used. We have tried many variations of the
ences above the,. peak. The overlaid histogram in each background functions, including allowing the first two
case shows the mass difference spectrum using normatemponents of each fit to be incorporated into second-
ized sidebands of thA"; no enhancements are observedorder polynomials with floating shape and normaliza-
in these histograms, and good fits are obtained to thertion. We have also tried varying the shape of thg"
when fit with smooth second-order polynomials. feed-down component, varying the normalization of this

The fits shown for the signal spectra in Fig. 1 eachcomponent by as much as 50%, and varying the mass
have five components: (i) The fits to the normalizetl  difference range over which the fits are made. The sys-
sidebands are used as representations of the contributieematic uncertainties in the measurements due to the
to A 7 candidates from faké candidates, (ii) second fitting procedures are taken as the maximum range of
order polynomials, with shape derived from Monte Carloparameters obtained using different reasonable fits of
simulation, are used with floating normalizations for thethese types. This is the dominant systematic uncertainty
contributions of realA; baryons with random pions, for both the yields and widths; we note that these two
(i) Gaussians of floating mean and width were usedparameters are highly correlated. For each charged state
for the 3. contributions atAM = 167 MeV/c?, (iv) we estimate the systematic uncertainty on the yield to
broader excesses in the region below 204 MeVdue be +120 events, and the systematic uncertainty on the
to A**(2630) production are accounted for using the width to be =4.0 MeV/c?. The masses of the signals
A= spectra from fully reconstructed’*(2630) —  are relatively stable for all fitting techniques used. In
Al 7~ data events, with the normalization correctedeach case we estimate the systematic uncertainty to be
for the relative efficiency of observing one versus two+0.8 MeV/c? due to a combination of fitting uncer-

7 mesons obtained from Monte Carlo simulations, (v)tainty (0.7 MeV/c?) and uncertainty in the mass differ-
signal functions of P-wave Breit-Wigners convoluted ence scale (0.4 MeX¢?). This last uncertainty cancels in
with a Gaussian resolution function of standard deviatiorthe measurement of the isospin mass splitting between the
2.3 MeV/c?. This resolution was determined using astates, which we find to b&f(A7") — M(Af77) =
Monte Carlo simulation based up@&ANT [10]. 19 = 1.4 + 1.0 MeV/c2.

The fits yield significant signals in botA 7 and Since the discovery of charm, many models [11]
A}~ plots. Inthe case oA 7 we obtain a signal of have been used to predict the spectroscopy of charmed
baryons. The range of the predicted mass difference,
AM = M(2¥) — M(A}), is around 200-300 MeX¢2.

Two recent models have the benefit of having data
for the 2 and . masses available as constraints.
Rosner [12] uses spin-flavor wave functions and pre-
dicts AM = 229 MeV/c?, Savage [13] uses chiral
perturbation theory and predictdM = 233 MeV/c>.
The mass differences we measure are in very good
agreement with these models. Interpreting our reso-
nances as theX*** and 3%, and combining our
result with previous results [14] for th&. baryons,
we find the mass splitting between the spin-state
weighted mass of theX! system and theA] to
be [4M(Z¥) + 2M(2.)]/6 — M(A]) = 211 MeV/c?.
] This value is similar to the analogous value for the non-
N I T N charmed hyperons of about 206 M&?#, and also the
015 019 023 027 031 035 value of about 210 MeYc? obtained using preliminary
AM(GeV/c?) DELPHI results for the masses of the bottom baryons

FIG. 1. Mass difference spectra for (A) 7 * candidates, and [15]. These three values are predicted to be the same

(b) A7 7~ candidates. The histogram shows the spectra fo}n naive Pafyonic ma*ss models [16,]' We also note
normalized sidebands of tha*. The fits are described in that the width of theX; has been estimated [12] from

the text. extrapolation of theX* hyperon width to be around
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20 MeV/c?, with the possibility of QCD corrections This is similar to the CLEO measurements [1,2,7,20]
lowering this number; this is also in good agreementfor A}, EF, £, and E** baryons, but corresponds to
with our measurements. Therefore, the most likelya softer momentum spectrum than that of the charmed
interpretation of these peaks is that they are Bj&é* baryons with nonzero orbital angular momentum [9]. In
and 30 baryons [17]. order to calculate the percentage &f baryons that are
In order to study the decay angle and momentum disthe decay products of these resonances, we need to extrap-
tribution of the 3! candidates, we relax the decay an-olate the yields ofA; baryons andA/ 7 combinations
gle cut and refit our signals in bins of cég() and down tox, = 0. We calculate that12.8*13 + 3.2)%
xp, fixing the mass and width of each of the particlesof A baryons are produced from the sum of the two
to the values obtained above. We restrict h# plots  found resonances. The systematic error includes the
t0 205 < AM < 380 MeV/c? so that there are no com- uncertainties in fitting the signals and the uncertainty in
plications from2, production andA; feed-down. We the extrapolation down te, = 0.
find no significant differences between the characteris- In conclusion, we present evidence for two reso-
tics of the two isospin states, so we add the yields fromnances decaying intd 7" and A7 #~. For the dou-
the two in each bin to increase the precision of thebly charged stateM(A#*) — M(A}), is measured
measurements. to be 234.5 = 1.1 = 0.8 MeV/c? and T' = 17.973% =
Figure 2 shows the data divided into five bins of4.0 MeV/c?, and for the neutral statdd (A} 7~) —
co90qec). Using the treatment of Falk and Peskin p(A') is measured to b@32.6 = 1.0 = 0.8 MeV/c?

[18], this distribution can be fit to a formdc%em « andT = 13.0°3) + 4.0 MeV/c2. The isospin mass of

%[1 + 3C0% Ogec — %wl(cos2 Odec — %)], wherew; is  the two resonances (A} 7™) — M(Af#~), is mea-
the fraction of the light diquark in a helicity 1 configura-  sured to bel.9 + 1.4 = 1.0 MeV/c*. We interpret these
tion. We findw; = 0.71 = 0.13, where statistical errors resonances as tf:** and2:° baryons.
dominate. This is consistent with a value wf = % We gratefully acknowledge the effort of the CESR staff
which corresponds to a flat c@g(.) distribution and un- in providing us with excellent luminosity and running
aligneds* production. This value ofv; is very different ~conditions. J.P.A., J.R.P., and I.P.J.S. thank the NYI
from the value of=0 found by the DELPHI Collaboration program of the NSF, M.S. thanks the PFF program
in their preliminary analysis oB} production fromz® of the NSF, G.E. thanks the Heisenberg Foundation,
decays [15]. K.K.G., M.S., H.N.N., T.S., and H.Y. thank the OJI
In order to study the fragmentation function we extendprogram of DOE, J.R.P, K.H., and M.S. thank the
our study down tox, > 0.4, determine the yields in A.P. Sloan Foundation, and A.W., and R.W. thank the
bins of x,, and correct the yields using efficiencies Alexander von Humboldt Stiftung for support. This work
obtained from Monte Carlo simulations. Figure 3 showswas supported by the National Science Foundation, the
the dN/dx, distribution, and the overlaid fit using the U.S. Department of Energy, and the Natural Sciences and

Peterson [19] form of dN/dx, « x;l[l — 1/x, — Engineering Research Council of Canada.
€/(1 — x,)]7%. The fit gives a value of = 0.30*39.
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