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ABSTRACT

New results from the Fermilab photoproduction experiment E687 on charmed baryon decays
are presented. The measurements of A., =}, =0 lifetimes and of the Cabibbo suppressed
decay AT — pK~K* are described.Preliminary results of charm baryon decays involving

Y% with £t — pn° or £* — nxt are also given.

1 Introduction

Charmed baryons decays,unlike the charmed mesons, are not colour or helicity suppressed.
This makes the investigation of the contribution of W-exchange diagrams possible.Charmed
baryons are three body systems; interference effects due to the presence of identical quarks
should be important; also important are the soft and hard gluon QCD corrections.All that
makes the study of these decays a nice tool to test theoretical models, in particular the
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Table 1: Charm baryon lifetimes

T(AL) (%) T (22)
(107%3s) (10-13s) (10713s)
E687 | 2.15 +0.16 £0.08 | 4.1721 + 0.2 1.017035 £ 0.05
(pK~¥) (E-atat) | (E7rY)
NA32 | 1.9670% 2.0%11 0.8273:33
(pK~77) (E-wtxt) | (E7xT)
(Zt*K—xt)

QCD strong interaction sector.

The Fermilab photoproduction experiment E687 has collected in 1990 and 1991 more than
500 millions of events and reconstructed more than 100K charmed decays using the E687
spectrometer described in[1]. The E687 charmed baryon results presented here refer to
Ac,ZF, 0 lifetime measurements, measurement of the Cabibbo suppressed decay A —
pK~K*, A} decays with £F in the final state. The details of the analysis are not given
because of lack of space.The reader is referred to recent E687 publications [2].

2 A=, 20 lifetime measurements

There exist at least three theoretical models that predict different hierarchies of the charmed
baryon lifetimes.For Guberina et al. [3]

() = 7(2) < 7(AT) < 7(E])

Voloshin and Shifman[4] predict
() < 7(E) < 7(E7) = 7(A])
For Gupta and Sarma [5]

(AY) £ 7(8) < 7(Qf) < 7(E]).

These models have relatively large theoretical uncertainties (~ 1.2—1.5). E687 has measured
[2] the A.,=},=0 lifetimes looking at the decay modes A} — pK 7%, Ef — E7n¥r™,
- E¢ —» E~n*. Only another experiment[6],the CERN NA32, has measured the lifetimes for
all the three charm baryons. The E687 and NA32 results are shown in Table 1. From this
table we see that E687 favors the Guberina et al. hierarchy though more statistical precision

is required. For a comparison with the NA32 results the reader is referred to reference [7].

3 Measurement of the Cabibbo suppressed decay AF —
pK K™

The main difficulty in the measurement of the Cabibbo suppressed decay AY — pK~ K™ is
the large background coming from the decays D* — K*K~«t, D} — K*K~n* if a pion



Table 2:
channel AY - pK~nt | AT > pK~K*
Loy > 6.0 > 6.0
mass(MeV/c*) | 2286.0 £ 1.0 | 2284.0 + 3.0
raw yield 775.7 + 66.0 30.3 £8.7
(Width fixed)

is misidentified by the Cerenkov as a proton and from the decay A} — pK~n* if a pion
is misidentified as a kaon. The E687 detector has succeeded [8] in measuring this decay
because of the very good particle identification and vertex reconstruction capabilities. The
proton and/or the like-sign kaon (K*) is required to be unambiguously identified, while
the unlike sign kaon (K ™) is loosely required to be kaon-consistent. A quantitative Monte
Carlo estimate has shown that the contribution in the A, region coming from these decays
is negligible (less than one entry).

To improve the signal to noise ratio two other analysis conditions are imposed to the AT —
pK 7" candidates:

a) the total momentum of the decay prongs is required to be greater than 50 GeV/c because
the Monte Carlo shows very low acceptance for A, baryons produced with momentum less
than ~ 40 GeV/c

b) the proper time of the decay is required to be less than five times the nominal A, lifetime.
This cut retains 98% of the A, events while rejecting 14% and 45% (respectively) of the
longer-living reflections from D} and D* mesons.

The signal yield obtained is given in Table 2,together with the mass measured and the ratio
of the vertex separation between primary and secondary vertices L and its error o7 .This ratio
L/oy, constitutes the most powerful tool in extracting the charm signal from the background
[2].

The branching ratio measured is:

T(A} — pK-K*)
T(A+ — pK-+)

= 0.096 £ 0.029 £ 0.010.

E687 finds also a statistically weak signal for A} — p¢ with a yield Y(pg) = 6.1 + 2.8 and
- a background of Y(sb) = 2.0 £+ 1.8, which allows to quote an upper limit of the branching
ratio of the resonant component to the inclusive A} — pK~ K™ of :

I'(Al — po)
£ <0.
I'(Af - pK-K+) — 0.58

at 90% confidence level.
Fig.1 shows clean signals of the decays A} — pK? #*n~ and A} — pK?. These results are

preliminary and their analysis is in progress.
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Figure 1: Invariant mass distribution for A} — pK0x*xr~,pK?.These results are prelimi-
nary.
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Figure 2: ¥+t — pn° invariant mass distribution for two different requirements on the
matching of the pn® vector with the It track.



Table 3: A} decays with £t — px®

channel PIRE b rte

Loy > 2.5 > 0.3
mass(MeV/c?) | 2286.2 + 3.4 | 2288.0 + 2.1
raw yield 65.8+14.6 | 7.81+3.8

4 A} decays with ©% in the final state

E687 has presented preliminary results on the branching ratio[9]

T(Al - X*¢ — pr'¢)
I(A} — Etrtn— — prOntr-)

where the L7 is detected through the decay ©* — pr°. E687 has reconstructed the 7%’
requiring that the pn® momentum matches well the X+ track direction.Fig.2 shows the
Yt — px¥ invariant mass distribution for two different requirements on the matching of
the pr® vector with the X+ track. The measurement of the 7° is not essential, because the
knowledge of the %+ direction and of the proton momentum gives,assuming the particle
nominal masses, the ¥ momentum.

More precisely the £+ decay can be recognized as a kink between an unlinked track recon-
structed by the microvertex and an unlinked proton track detected by the spectrometer.
The spectrometer measures the proton momentum and the vertex detector the X direction;
the ¥ momentum is obtained with a twofold ambiguity; selecting the solution with the
higher primary vertex confidence level the ambiguity is eliminated. The results obtained
are collected in Table 3. The branching ratio measured

I(AY - 5% — pn°¢)

=0. .086 + 0.048 -
T(AF = Stnta- = prortn) 0.160 1 0.086 + 0.048

is in good agreement with previous results[10].

E687 has also done the first observation of A¥ — %~x*nt. This decay has the same
topology of the decay ¥* — pr® and the same procedure is used to measure the momentum.
_ To reduce the background, the hit point on both the electromagnetic calorimeter and the
hadronic calorimeter is located and a hadronic shower is searched in an annular radius of
~ 17 cm.The E/P between the energy E released in the annular region and the neutron
momentum P is estimated. The candidate is accepted if 0.3 < E/P < 1.7. Finally using
the E687 candidate-driven vertex algorithm(2] the Y~ (7 )iike combinations are selected. A
similar analysis is done for £+ decays in order to obtain the X% (77),nsire combinations.
Fig.3 shows clean signals of these decays. From their analysis E687 gets the following
preliminary value '
(A} - Ztatn-)
T'(Af - Z-ntrt)

= 1.86 £ 0.55 £ 0.07

of the branching ratio.
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Figure 3: Invariant mass distribution for AT — E+atr~, E-n*tr+t. These results are pre-
liminary.

5 Conclusions

E687 is proving to have good reconstruction capabilities for a large variety of charm baryons
decay channels. The lifetimes of many charmed baryons have been measured with great
precision. The Cabibbo suppressed decay AY — pK~ K% has been measured. The first
strong evidence for the A} decay to - w*x* has been obtained. The reconstruction of
charm baryon decays with #° is starting.
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