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ABSTRACT

A resonance is observed in pK w+, pl( LI ng and )—)Kg
invariant-mass spectra at 2.285 * 0.006 GeV/s? whicth is asso-
clated with the lowest-lying charmed baryon {Ac). The Dalitz
plot and limits on other modes and on the production of ather
states are presented. Measurements of inclusive p and A
crnss sections are also presented and allow an estimate of
the branching ratios B(I\’r > pKTm") = (2.2 & 1.0)% and
B(AY » pR") = (1.1 107)

Evidence of charmed baryons buing produced in e'e” annthilation
first came in 1977 from the SLAC-LBL Mark I collaborationl in measure-
ments of a rise in inclusive baryon production as a function of center
of mass energy. Detection of a direct signa. from a charmed baryon state,
however, awaited the cempletion of the Mark II detector's one and a half
vears of running at SPEAR. 2 This occurred almost precisely one year ago
and Fig. la shows_the resulting mass spectrum? for the channel pK™s% and
charg= conjugate pl("' . A significant enhancement was observed at
m(pKn) = 7,285 GeV/c” in these chaanels which have the quantum numbers
of the C.Libbo-favored weak decay of the A; while no structure was ob-
served in the channels pK'v+ and pK™%~ and their charge conjugates which
do not have these quantum numbers (Fig. lb). The data sample here con-
sists of an integrated luminosity of 915C nb™' obtained at a center-of~
mass energy 5.2 GeV and also from a scan of 4.5-6.0 GeV. Detailed
descriptions of the Mark II detector and event reconstruction are given
in reference 3. The curve In Fig. la shows that the data are well firted
by a Gausstan error function plus a background shape determined from a
fit to Fig. ib. The -ignal consists of 39 * 8 events above a background
af twenty eveats.

*Jork supported by the Department of Energy, contract DE-ACG3-76SF00515,
(Invited talk presented at the IVth International Conference on Baryon
Resonances, University of Toronto, Toronto, Canada, “aly 14-16, 1980.)
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Mass and Width Determination

The fit to Fig. la yields a
mass of 2,286 * 0.007 GeV/c’® and an
ms width of 0.010 GeV/c’. The
quoted error includes a systematic
component of G.006 re\'/c due to un-
certainties {n the magnetic field and
the geometric reconstruction. These
error sources are checked by measure-
ment of the K? + a*a~ and DO + K™r*
masses in the same data sample. A
shift in the mass of the observed pKr
signal of 0.003 GeV/c?, for example,
would require a change in the mag-
netic field which would displace
these masses from their present
agreement with nominal values by 1
standard deviation.

A second mass determination
which is subject to different sys-
tematic erro-s comes frum those pKm
combinations which have total mea-
sured energy within 0.030 GeV of the
beam energy. Figure 2 then plots
the beam energy-constrained mass de-
fined as mg = (Ebeam - p“,Kv) An
error which increases cthe magnitude
of the momentum would cause an in-
crease in the directly calculated
mass of Fig. 1 but a decrease in the
mass calculared with the beam energy
constraint. The 10 + & events ob-
served in the peak in Fig. 2 yield a
mass determination of 2.284 : 0.008
GeV/c? and imply that the simple re-~
action c*e” » A K. is the source of

(26 : 11)7 of the observed pKn signal.

From the combination of the two mass
determinations our best estimate of
the mass of the charmed baryon is
2.285 : 0.006 Gev/c®.

As expected for the weak decay
of a charmed baryon, the measured
width agrees with the calculated de-
tector resolution, providing a limit
Tn < 0.020 GeV/c* (9 C.L).

Lalitz Plo*

Figure 3 shows the Dalicz plot

projections of this plot along with that for
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Fig. 1(a) The combined pK 7' and
pKT?™ mass distribution for recoil
masses gredater than 2 2 (,e\/c

{b) As (a) but for pK ", pK'n~
and their charge conjugates.
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Fig. 3 Dalitz plot for events in
pKr peak region.

more informative and cre plotted in
Fig. 4. They tell us the fraciinn of
the observed pK % cveats which are
resonant arce (17 = 7)% and (12 + )%
for the A¥7(1232) and rhe K*(890),
respectively.

EVENTS/{30 MeV)

Other Decay Modes

We have searched for other de-
cay modes of the charmed baryon in a
number of different channels. Figure 5
shows the pKg invariant mass distribu-
tion which features a signal contain~
ing 12.5 ¢ 4.5 events at a mass value
in good agreement with that of the pKm.
This yields a branching ratio jor
A*C' - pKO velative tao that for .‘\g -
pknt of 0.5 + 0.25, fully correct .
This 1s the only channel other than
pKn wvhere we have been able to observe Fig. & Projections of the
a significant signal. To reduce biack- Dalitz plot with data also
ground, one can use the fact that ap- plotted from control regions
proximately one quarter of the events of f the peak.
come from ihe two-body process ete~
AcAc to plot the bram energy-constrained
wass As {5 dome in Fig. 6 with gyomewhat looser cuts tham in Fig. 2.
These plots provide upper limits on the Ac -+ An and Ag + A3n branching
ratios relative to the branching ratio A =+ pKn of <0.8 and <1.4, respec-
tively, at the 90% confidence lev-.l.




Higher Masy Char

Baryons

Fiqure 7 shows a plot of the
miss reco111ng against the observed
pKn and p}\s signals along with in-
dications of the regions expected to
be populated if_the prons-;ses

v LI  IZ and IXT! accounted
for the ~752 vi ke ~k<1=rvcd cross
section whicu is not ete” - Ac l\

The mass differences used herL’, also
indicated in Fig. 7, are what is ex-
peeted from SU(4) mass formulas.”
The only conclusien that can be
drawn from this is that it is un-
1lkely that any single ene of these
processes is dominant.

Qne can try to reconstruct
the cascade direccly in the daca
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Fig. 5 The combined pKe and pKS
mass distribution for recoil masses
greater thar 2.2 GeV/e*.
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and look at the mass difierence

Am = m(pK~"* e ) = m(pk~tt) as was
done in Refercnce 5 but the cas-
cade pion 1s, in general, of too
low momentum (~.070 GeV/c) to be
tracked successfully in the i N L

Bav
h

is about twice as large as the
number which come per event from
sideband control regions and . e
whose reconstructed mass differ-
ences may have a tendency to
cluster at mass differences near

= 0.160 GeV/c. The statis-
tics, however, are inadequate and
one will have to wait for this type
of analys!is in e*¢™ until the Mark I1I has accumulated suffic Lent data
in the future.

If the I, mass 1s less than mg, + mn, the and E‘? could have
direct weak dccnys No evidence is found for any such effect in the
pK2n, pKC, A2n and A4m channels at the level of approximately 25-60% of
the observed pKm signal (907 C.L.).

Strange charmed baryons hiave been searched for, and not found, in
AR and pX"XD with limits on 0B of the order of 50-80% of that for the
observed pKr state. These limits are much larger than the rates that
probablv would be expected.

Mark Il detector However, hand i t -
scanning and measurement of our - . T ']

Ag events has revealed a number - J1 'L Q) j hA , 1~F

of such untracked “lovpers” which P ;]Lxﬂ" UJU g:d ‘1; o ‘:}

Fig. 7 Distribution o{ awcolling
mass against pKr and pKU combina-
tions in the peak regions.

2:4—0‘

Estimate of the Branching Ratio B(Ac - pKn)

We are able to use our inclusive measurements of p and A produc-
tion as a function of energy to estimate the total produrtion of charmed
barvons. Fipute & preseots these measuremeats as siptp) - “(P)/"uu and
R(MR) = {o(h) + a(M))/n uy where the estimated overall systematic errors
of <17% and +27%, respegtxvph, are not inciried. We observe vlear steps
in both R(p+p) and R(A+R) {n the range 4.5 to 5.2 GeV center-of-mass
energy compatible with the interpretation of the obseived pKr signal as
the lowest-lying charmed barvon. We make the following assumptions (see
reference 3): (1) The observed step in R(p+p) is due entirely to the
onset of charmed baryon pair production; (ii) all charmed varyons cas-
cade down to the A state;6 and (1i1) the probability for a charmed
baryon to give a proton (as opposed tu A neutron) as a final product’ 1s
0.6 + 0.1, Then

u(AC+7\c) = A’%‘E&H‘ .

O

and the measured step size AR(pHH) = 0.31 ¢ 0.06 gives the inclusive
charmed baryon cross section at 5.2 GeV to be a(AC+I\ ) = 1.7 ¢ 0.4 nb.
Uning the measured o(Ac+he) « B{A, - pKP) at 5.2 GeV for the observed



signal of 0.037 : 0.012 nb, the
branching ratios themselves can then

be eatimated to be s 3 .
B(Ac = pKm) = (2.2 : 1.0}V - P
B(A. » pR?) = (1.1 * 0.7)7 o LR
B(Ac = An) < 1.8% ) .., o -

B(Ae ~ A3T) < 317 ) JO0% Cole B ”
[

It should be mentioned that
study of the systematic errors in
the data of Fig. B imply that a
slower rise in R(ptp) fn the rcglom T
5.2-7.4 GeV above the step is sig- . 4 |
nificant. This may suggest, but i i
certainly does not require, the Lo oy
apening of new higher mass charmed
barvon channels. 3

Alp Ratto

The A/p ratio for all charmed
baryan decays can be estimated from : S
the relative step sizes in Fig. 3. .
Using AR(A+R) = 0.10 * 0,03 with
AR(p+P) from above, we get a A/p
vatio of (41 ¢ 15)% afrer explicitly
temoving protuns which arise from A
decay, but not from other weakly de-
caving strange baryvons. This ratio
is in excellent agreement with the
prediction of 43% by Kénner, Kramer and Willrode® but their resanance
dominance model assumptions may not be consistent with the low resonance
fraccions given here from the Dalitz plot.

Fig. 8(a) R(p+f>) as a function
of Ec,m. (b) R(A+R) as a func-
tion of E¢ p  Errors are statis-
tical only.

Conglus ton

It should Le peinted out that the data presented here come
principally from 3 1/2 weeks running at 5.2 GeV center-of-mass energy
at SPFAR. One can hape, therefore, that substantial new information
from e*e- on higher mass states and other decay modes will be provided
by a long (~6 month) rur at that energy by our successor in the SPEAR
West Pit, the Mark 111 detector.
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