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Using data recorded by the CLEO Il and CLEO II.V detector configurations at CESR, we report new
measurements of the masses of #fe" and3.? charmed baryons, and the first measurements of their intrinsic
widths. We findM (S, ")—M(A[)=167.4-0.1-0.2 MeV, (S *)=2.3+0.2+0.3 MeV, andM(Z?)
—~M(A])=167.2£0.1+0.2 MeV, TI'(39)=2.5+0.2+0.3 MeV, where the uncertainties are statistical and
systematic, respectively.

DOI: 10.1103/PhysRevD.65.071101 PACS nuni®er13.30.Eg, 14.20.Lq

In recent years there have been great advances in charmedIn order to obtain large statistics, we reconstructed
baryon spectroscopy. However, the spin and parity of none dbaryons using 15 different decay modelsleasurements of
the states has been directly measured, and we rely upon tiige relative branching fractions into these modes have previ-
pattern of masses of the detected particles, together with thegysly been presented by the CLEO Collaborafiphand the
decay properties, to identify the different states. The exiSyeneral procedures for finding those decay modes can be
;%?ﬁel?ggmeéiqz;rkzirﬁ (S:E)artneti’nZ\vt?c;%hw?&nabgh;?%zgecgﬁgrasi :‘found in these references. For this search and data set, the

) : . » Pexact analysis used has been optimized for high efficiency
now well established. In 1996_’ CLEO publistiad measgﬂe' and low background. Briefly, particle identificationpf K,
ments of trleJrnasses*gnd widths of the analogds 3 and 7" candidates was performed using specific ionization
s’Fates, the s ™" and3g". In the heavy quark symmetfg] measurements in the drift chamber, and when present, time-
picture of heavy hadrons, the decays of Bfe andX,; states of-flight measurements. Hyperons amg_)w+ 7~ decays
Svere found by detecting their decay points separated from

phase space and numerical factors. Previous st§8iésof o main event vertex. Photons were detected using the Csl
the 3. baryons have not had sufficient detector resolution toelectromagnetic calorimeter

measure their intrinsic widths. In this Rapid Communication, We reduce the combinatorial background, which is high-

using a large sample of; candidates found using the est for A_ candidates with low momentum, by applying a
CLEO detector, we are now able to measure the shape of the ; 1« ° \Wherex. = p/p p is the momentum of the
p p max:

S8 and 32 baryons using the mass differences N — vy S
M(AS75)—M(A]), and extract values of’(22) and E:\hfrmed'baryorpmax— Ebean~ M”, M is the mass of the
. candidate, anét,.,mis the beam energy. Using a cut of

resh.
e ép>0.5 (charmed baryons produced from decaysBome-

The data presented here were taken by the CLEO Il an ki tically limited to.< 0.4 fit h of th
CLEO IV detectors operating at the Cornell Electron Stor->0NS aré kinematically imite %,<0.4), we fit each of the
variant mass distributions for these modes to a sum of a

age Ring. The sample used in this analysis corresponds to Lussian signal and a low-order polynomial background.

L?;ig;atggéu?:llnt(r)]ztycgfnﬁigunzbl :t;lks: e?gi(tagéﬁlgits )brsz(\x th gombinations within 1.6 standard deviations of the observed

Y (4S). Of this data, 4.7 fb* were taken with the CLEO | A:_ mass peak are taken a§_cand|dates, where the reso-
detector, which is described in detail elsewhgsg We de-  lUtion of each decay mode is taken from a Monte E:arlo
tect charged tracks with a cylindrical drift chamber systemSimulation (for the two data sets separatgland theA.
inside a solenoidal magnet, and we detect photons using difndidates were kinematically constrained to the peak
electromagnetic calorimeter consisting of 7800 cesium jomass. In thisx, region, we find a total\ | yield of 58300
dide crystals. The remainder of the data were taken with the=380, and a signal to background ratio of approximately
CLEO 1.V detector[6] which is an incremental upgrade of

CLEO I, and incorporates a high resolution silicon vertex

detector inside the CLEO Il drift chamber system. ICharge conjugate modes are implicit throughout.
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butions; the extracted values using these fits MI& ;™)
-M(A])=167.4-0.1 MeV,T'(2; ")=2.3+0.2 MeV, and
M) —M(A[)=167.2-0.1 MeV, red)=25
+0.2 MeV. The dashed lines show the best fits achievable
using only the resolution function to describe the shape of
the signal peaks, and no intrinsic width. Thé of these
latter fits are clearly unacceptable.

We have investigated many potential sources of system-
atic uncertainty in our measurement of the widths of these

Y
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o
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[=]
o

Events / 0.5 MeV
Y
8 o
T
[l

200 particles. We have analyzed our two data sets independently,
0" et AR using. two different doubIt_a—Gaussian resolution functions,
145 155 165 175 185 195 and find statistically consistent results. The Monte Carlo

M(A;x®) - M(Ag) (MeV) studies indicate that the largest part of the detector resolution

is from the determination of the trajectory of the" trajec-
tory rather than the measurement of thg¢ daughters; thus,
as expected, the analysis produces consistent results for dif-
ferentAc+ decay modes. We assign a 15% uncertainty in the
) . n . . width of the resolution function, which translates into a 0.15
1:1.2. j’h|s samfle oAC* Siecays is the same as used in our 1y uncertainty in the measurement B{S.). This is a
analysis of th&x; and¢ " [8]. Thex, cut described above qnservative estimate of the width uncertainty and is based
was used only to obtain these measures ofAiesample,  ypon the width measurements of the,(2625) which has
and was released before continuing with the analysis as Wgimilar kinematics to th&. In order to obtain a width of
prefer to apply anx, cut only on theA; 7~ combinations.  zero in the data, we would have to use a resolution function
The A candidates were then combined with each rethree times wider than that derived from Monte Carlo stud-
maining chargedr track in the event and the mass differenceies. We have also fit the mass-difference distributions to reso-
AM= M(Agwi) - M(A:) was calculated. To optimize the lution functions varying from a single Gaussian to the sum of
resolution in this quantity, we calculated an event-by-evenfive Gaussians. The extract&q widths from the data vary
vertex point with those well measured tracks in the evenby 0.15 MeV when changing from single- to double-
which were consistent with coming from the beam spot, andsaussian resolution functions, but are stable with the addi-
then refit theA, and 7= trajectories to come from this tion of further functions. We therefore assign 0.15 MeV as
point. The main effect of this procedure was to improve theour uncertainty due to our imperfect knowledge of the shape
polar angle resolution of the ™, and thus improve the mass- Of this resolution function.
difference resolution. Those combinations that were incon- The polynomial background shape we use is a good fit to
sistent with coming from this point were rejected. We placedthe data, but we realize that this background may include
anx,>0.5 cut on theA 7= combination. non-phase space contributions arising from feed-down from
Both of the mass-difference spectfg. 1) show a clear other decays of excited charmed baryons, some of which are

peak of about 2000 events around 167 MeV dueStp as yet undiscovered. For example, some of theyield is
— A} m* decays. These distributions were each then fit tlue toA;(2593)— 3 m decays, and these may have a dis-
the sum of a polynomial background with a threshold Suplorted AM shape due to the limited phase space available.
pression and g-wave Breit-Wigner function convoluted However, if we place a veto on decays we observe to be from
with a double-Gaussian detector resolution function. We uséhis source, our result changes by less than 0.15 MeV. We
a formalism of the Breit-Wigner signal function with a mass- have also investigated a veto of thas¢ =~ combinations
dependent widthl' (M) I"o(P/Py)3, whereP is the mo-  that are consistent with being dueAQ,(2630) decays, with
mentum in theX, rest frame, and®, is the = momentum & similar null result. We have performed a large number of
calculated at the pole mass; we have tried relativistic andits to the data with different background parametrizations, as
non-relativistic formalisms of the function and found negli- well as different requirements on, for instance, feof the
gible differences in our results. combinations and the momentum of the, and note only
The parameters of the two Gaussians in the resolutiosmall variations in the extracted width of th& . From all
function were ¢;=0.461 MeV, o,=1.35MeV, and these studies, we estimate the systematic uncertainty to be
area,/area;=0.31. These parameters were found from a*0.2 MeV from uncertainties of the effect of feed-down
Monte Carlo simulation using a GEANT-based program forfrom other particles, and a total systematic uncertainty of
the detector response. The generated Monte Carlo data uset.3 MeV from all sources.
the CLEO Il and CLEO IL.V configurations in the same pro- The measurements of the mass differendé(>.)
portions as the real data, and assumed a zero-¥dthiThe ~ —M(A_), are stable to changes in the background shape
two Gaussians do not represent thigl resolution of each of and the signal resolution function. A change from using a
the two different configurations, neither of which has a reso-Gaussian signal functiofas previous analyses have dprie
lution which is well described by a single Gaussian function.a Breit-Wigner function, produces a shift of only 0.02 MeV
The solid lines in Fig. 1 show the best fits to the data distri-in the extracted pole mass. Overall, including all systematic

FIG. 1. Mass-difference spectra fta A =", and(b) Al 7.
The lines shown are the results of fits allowing fo.a intrinsic
width (solid) and with noZ.. intrinsic width (dashed
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uncertainties in the fitting procedure, feed-down effects fronpredictions, all of which use the Heavy Quark Symmetry
the A;;(2593) and momentum measurements, we estimate model of baryon structure and decays.
total systematic uncertainty of 0.2 MeV on the measured ~ In conclusion, we present new measurements of the
mass differences. Much of this systematic uncertainty canmasses of th&_ * andXJ charmed baryons relative to the
cels in the comparison of the two mass differences, giving af\; mass. We measurM (3. ) —M(AJ)=167.40.1
isospin  mass  splitting of M(3;")-M(2%9)=02+0.1 *0.2MeV and M(22)—M(A;)=167.2-0.1=0.2 MeV.
+0.1 MeV. This result is consistent both with the recentThese measurements of the masses of3tfié and3? are
measurement by FOCUR], as well as earlier resulfg}]  the most statistically precise available and are consistent
that all indicate a small isospin splitting between these stategvith the world average values. They supercede the previous
Theoretical models predict values of this mass splitting thaCLEO Il numbers[15] which used a subset of the present
vary from —3 to +3 MeV [9]. data set. We make the first measurements of the intrinsic
Using scaling laws and measures of the non-chared Widths of these particles, and find'(3; ")=2.3+0.2
widths, Rosnef10] has predicted a value for the widths of *0.3 MeV andl“_(ES)zz.sj: 0.2+£0.3 MeV. These widths
the 3" and3? of 1.3 MeV, and Huanget al. [11] have ~ are consistent with theoretical expectations.

predicted widths of around 2.4 MeV. Tawfig and collabora- e gratefully acknowledge the effort of the CESR staff in
tors [12] use strange-baryon data and a light-front quarkproviding us with excellent luminosity and running condi-
model to predictY. widths of 1.6 MeV, whereas Ivanov tions. M. Selen thanks the PFF program of the NSF and the
et al.[13], use a relativistic three-quark model to predi¢t ~ Research Corporation, and A.H. Mahmood thanks the Texas
widths of around 2.7 MeV. Pirjol and Ygri4] have directly ~ Advanced Research Program. This work was supported by
scaled from the measureXf; widths as input, and derived the National Science Foundation, and the U.S. Department of
>, widths of 2.0 MeV. Our results are consistent with theseEnergy.
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