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Study of semileptonic decays oB mesons to charmed baryons
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Using data collected by the CLEO Il detector at a center-of-mass energy on or néfe(réltﬁ)sresonance
we have determined the 90% confidence level upper IB‘(]BHA%’X)/B(BH(A* or A, )X)<O 05 for
electrons with momentum above 0.6 GeV/We have also obtained the limB(B~— A pe” ve)/B(B
— A7 pX)<0.04 at the 90% confidence level and measured the B{fo— A pX)/BB—(AS or A;)X)
=0.57+0.05+0.05.[S0556-282(98)03111-1

PACS numbd(s): 13.20.He

. INTRODUCTION internal emission of av followed by its decay to {d).
Measurements ofB mesons decaying hadronically to

In the naive spectator model, moB mesons decay charmed baryons indicate that this interiélemission dia-
through the spectator diagram with semileptonic decays oqggram may contribute significantlyd]. A substantial contri-
curring by “external” W-emission:b— cW: W—>/7/. In bution from this diagram would reduce the semileptonic de-
this picture, charmed baryon production occurs when twcay width.
quark-antiquark pairs from the vacuum bind with the charm The semileptonic branching ratio & mesons is known
quark and the spectator antiquark to form &(cud) plus an  to have a lower value than theoretical predicti¢hp These
antinucleonN. In this paper we attempt to isolate the mag- _pred|ct|ons assume a large extgrlmlemlssmn contribution
nitude of this externalW-emission spectator diagram in in baryon decays. The suggestion has been made that theory

= 4 _ may underestimate thB-hadronic width by neglectind®
charmed baryon decays by measuriBg-Ace X and  gocay channels to baryon staf€s. If this is the case, had-

B~ — A, pe” v. For normalization modes, we also measureronic decays to charmed baryons could explain the low in-
B—A_/pX andB—(A_ or A_)X. Throughout this paper clusive semileptonic branching ratio. The measurement of
charged conjugate modes are implicit. semileptonic decays dB mesons toA . will provide vital

If B—baryons does indeed occur through externalinformation on baryon production iB decays.
W-emission as outlined above, then the decay

B— A/ NXe v, will occur [1]. We can estimate the magni- A. Data sample and event selection

tude of R=B(B— A Ne »,)/B(B— A NX) by using the The data were taken with the CLEO |l detecf@t at the
naive expectation for the semlleptonlc branching ratio iNncormell Electron Storage RINgCESR, and consist of
these decays. Thecs) and (rv,) contributions are absent 3.2 fb! on theY (4S) resonance and 1.6 T at a center-of-
due to the limited available phase space, and so a maximumass energy 60 MeV below the resonance. The on-resonance

of 20% is expected for the ratiR. Alternately, one might sample contains 3:410° BB events and 18 10° continuum
anticipate thatB(BHASXe’ve)LB(BHA;r_X) is compa-  events. We select hadronic events containing at least 4
rable to the measurements B{B—DXe™ v.)/B(B—DX) charged tracks. To suppress continuum background, we re-
=12% [2]. quire the ratio of Fox-Wolfram momen[8] R,=H,/H, to
There are two other baryon production mechanismB in Satisfy R,<0.35. We reconstruch's in the pKz decay
decay, neither making a contribution to semileptonic decaymode. For the hadronic particle identification, a probability
In one, theW is emitted internally and decays tog), lead- cut for each target hadron is made which uses information

ing to = :CK final states. This mechanism was studied in obtained fromdE/dx and time-of-flight detectors. For par-

Hicle consistency, the probability cuts are chosen to be
previous CLEO paper, which looked at the charge correla greater than 0.002@vithin three standard deviations of the
tions between A;'s and leptons fromB decay and

== 7 expected valuefor pions, 0.0001 for kaons, and 0.0003 for
found Ry =Ny +/Ny+ +=B(B—A;X)B(B—X/"v,)/  protons. Continuum data are used to directly subtract back-

B(B—AX)B(B—X/" v,)=0.19+0.13+0.04 which is grounds from norBB events.

directly related toB(b— ccs)/B(b—cud) [3]. For A X fi- Tagged signal Monte Carlo simulated events were used to

nal states, we cannot rule out the possibility in our analysigbtain the signal efficiencies whilBB Monte Carlo simu-

that we are observing decays of the typesE.A., as we lated events, with the signal channel removed, were used to
. = 4 . estimate the background froBidecays to non-signal modes.

cannot tag the parerB meson in theB— A/ X analysis.

Therefore, the yields for this mode will be quoted as decayd '€ CLEOBB Monte Carlo simulation generates baryonic
of the typege(zﬁ or [T_)X Another mechanism is the decays with a phenomenological model which is tuned to
Cc Cc "

match the observed . momentum spectrum. We usB

Monte Carlo events where we force thB—A/X,
*Permanent address: University of Texas, Austin TX 78712. A/ —pK™@* decay chain to determine a detection effi-
"Permanent address: Lawrence Livermore National Laboratorygiency of 0.36-0.01.

Livermore, CA 94551. The pK~#* invariant mass distributions are measured
*Permanent address: BINP, RU-630090 Novosibirsk, Russia. ~ separately for the resonance and continuum data. The reso-
SPermanent address: Yonsei University, Seoul 120-749, Korea. hance data are fitted to a double Gaussian signal atop a low-
'Permanent address: Brookhaven National Laboratory, Uptongrder polynomial background. In these fits, the width of the

NY 11973. Gaussian\ ; signal function is constrained to the value de-
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FIG. 1. The fit(line) to the pK™ 7" invariant mass spectrum
from on resonance data ever{isoints with error bagsand the

scaled off resonance dathistogram for the (a) §—>A§e‘x and
(b) B-— Al pe v, analyses.

probability that a given charged track is an electfonot an
electronn. We choose a minimum momentum cutoff of
0.6 GeVk for these electrons to limit fake and secondary
electron background sources. The maximum possible elec-
tron momentum for this decay is 1.5 GeV/Electron candi-
dates are restricted to the polar angular regjcosé|
<0.71. We pair alpK™~ 7" candidates, selected as described
above, with additional tracks in the events passing the lepton
identification requirement. We then fit theK™ 7" invariant
mass distributions on and off resonance for combinations
passing these cuts.

Figure Xa) shows the fit to thepK™ 7" invariant mass
distribution for events that satisfy the above selection crite-
ria. The resonance dafpointg are fit to a double Gaussian
signal over a second order polynomial background. The sig-
nal shape is fixed to that from the data in tBe-A X
analysis. A similar fit has been performed on ™ 7
invariant mass distribution from the continuum déshown
by the scaled histogram in the figlir@he yields are given in
Table I.

In addition to continuumA/.’s, other sources of back-
ground are fake leptons and uncorrelatei—e ™~ pairs. The
number of fake leptons is obtained by running the same
analysis, but using an electron anti-identification criterion;
IN(Pe/PY<0. The pK~x* invariant mass is refit and this
yield is scaled by the measured lepton misidentification
probabilities. The uncorrelated background includes combi-

nations where thd. © originates fronB decay and the lepton

rived from the Monte Carlo simulation. After subtracting originates fromB decay or from &8 if from an event where
nonBB contributions using off-resonance data scaled for lumixing took place. This background is estimated using

minosity and cross section, we obtain a total sample OEHAJX Monte Carlo events and examining decays where

4879+296B—(A. or A_)X events from data. After scal-
ing by the efficiency, we find a yield of 13552822+ 802
events, where the secorislystematig error includes contri-
butions from the efficiency correction.

B. Study of B> A e~ X

the A; ande™ have opposite charges, but do not originate
from the signal mode. We check this procedure by compar-
ing the data and Monte Carlo results obtained us@rfga+
(wrong sign combinations. Wrong sign combinations will
include primary leptons from onB paired with A ’s from

the otherB. We find consistency between the data and

Because of the soft lepton momentum spectrum from thidfonte Carlo wrong sign yields. The background predictions
decay and the limited reconstruction efficiency for low mo-@are given in Table I.
mentum muons, we use only electrons in our analysis. Elec- The lepton minimum momentum cut of 0.6 GeMkesults
tron identification relies of/p measurements derived from in @ model dependence. Larger multiplicity final states will
the calorimeter and drift chamber, as well as specific ionizahave a lower efficiency due to the minimum momentum cut.

+

tion loss measurements from the drift chamber. The requireWe find the efficiency usin®™ — A p_e‘7e Monte Carlo

ment of InP./Pg>3.0 is imposed, wherd? (Py) is the

events where th8" decays generically. This efficiency for

TABLE I. Results of theAe”X, A pe v., andA; pX analyses. The “Data on” row shows results
from fits to the on resonance data sample, while the “Scaled off” row shows the results of the fits to the
nearby continuum data scaled for luminosity and cross section.

Type Age X Afpe e Al pX
Data on 17641 20+ 10 2501121
Scaled off 922 67 440+ 105
Fakes 164 (e) 2+1 (e andp) 32°5(p’s)

MC pred. uncorr. 957+33 11+6 58+6+58
Bkgd. sub. 62 47+34 1+12+6 1971+ 1603
Efficiencies 0.23%0.005+0.011 0.0940.003+-0.003 0.2570.003+0.010

Yield 259+ 196+ 143 11+132+82 7669+ 623+ 385
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B~ —A.pe v., where the electron is prompt from tii BT T T T T
decay, is found to be 17%. Monte Carlo events from the i ]
chainBY— A A% v, A®~pn™ were also generated to i 1
measure the efficiency. This mode adds one extra pion to the

total decay chain although more could be present in other
decays such aB— 2, .Aev. Differences between efficiencies __1000
for B~ andB? are found to be negligible. After all other cuts, R
we find that 73% of the events froB~ — A pe” v, pass

our electron momentum cut while only 45% of the events
from B®— A A% v, pass. Because the total efficiency is
dependent on the number of pions in the final state, we
choose to quote a partial branching fraction where the lepton
momentum is greater than 0.6 G&V/In this electron mo-
mentum range, the efficiency forB—A_ pe v, is - .
0.239+0.005 which is consistent with the efficiency for B -
other modes with extra pions. In addition to assigning a sys-
tematic error due to efficiency determination, we add in

Events /(4 MeV /¢

1 L 1 | L L L | 1 1 L | 1 1 1 I 1 L 1
guadrature errors from the fake lepton and uncorrelated %,236 2.256 2.27 2.296 2.316
background source estimates to obtain the total systematic M (pK ) (GeV / ¢?)
error.

FIG. 2. The fit(line) to the pK™ 7" invariant mass spectrum
C. Search forB‘—>Ac+p_e‘;e from on resonance data evenjsoints with_error Baljs and the
_ scaled off resonance dathistogram for the B— A pX analysis.

The signature ofB~—A_ pe v, is a baryon-lepton- o o

antiproton combination which has a recoil mass consisteri{on@! veto cuts on the particle identification of 2or the 7,
with that of a neutrino, approximating tH& momentum as K,+e}nd e'Iectron to reduce fake antiprotons. We then fit the
zero. CandidateA’s, electrons, and antiprotons for the A invariant mass. Thegbserve’q;f signal area then mea-
analysis must satisfy requirements similar to those discussegiires the number of / —p correlations. Figure 2 shows the
above. We then require that the approximation of the squarefit to the data. -
mass of the neutrino, M3=(Epcar Ex .~ Ee)®—(Pa, We are looking for decays where the, and p have
+p.)?, be greater thas2(GeV/c?)2. In addition, we place ©OPPosite charge and both are primary from tedecay.
an angular cut of co8, .<-0.2, whered, _ is the angle Backgrounds are categorized into two sources: secongary

between the\; and electron. In Fig. (b) we show theA;  (not primary from aB decay and fakep. The first back-
invariant mass distribution for combinations passing all ofground source is estimated by usiBg- A ;X Monte Carlo
these cuts. This distribution is fit as before; results are givervents as above. Once again we check this procedure by
in Table 1. comparing wrong sign data yields to our Monte Carlo wrong
Backgrounds to this process stem from three sources: faksign prediction. Proton misidentification probabilities are
antiprotons or electrons, ndB events, and secondary elec- also measured directly from the data by using a pion sample
trons or antiprotons. Fake antiprotons and electrons are cofiom Kg—w'r*w’ where Kg’s are selected by a secondary
sidered separately. We use the same methods as describegttex finder. After applying the veto cuts for kaons, pions,
above to determine each contribution. The continuum backand electrons, the fake probability derived from just using
ground is measured using the off-resonance data scaled ftite pion rate is found to be consistent with the species aver-
luminosity and cross section. The remaining backgroundiged rate. The background contribution of fgks is ob-
events, in which electrons come from the decay chainained by running the same analysis without the particle

b—c—sev, can be estimated using a Monte Carlo simula-identification cuts for the correlated withA . The yields
tion. The wrong sign data and Monte Carlo results are comgptained from fits to theK~ 7" mass are then multiplied by

pared and again found to agree well. - the fakingp probabilities and weighted by momentum. This
We find efficiency using theB™— A pe v Monte  procedure will yield an upper limit on the number of fakes,
Carlo events where th8" decays generically. The effi- as real proton tracks are double counted in our procedure.
ciency is found to be 0.0940.003. Systematic errors are We studied the overcounting rate and assign a systematic
assigned for each of the background source estimates and teor based on the difference between the number of protons

efficiency determination as described above. counted with no identification criteria and the number
counted using the anti-identification criteria.
D. Study of B— A7 pX We have also measured the absolute proton identification

) . — ] ) . ) efficiency as a function of momentum for the cuts in this
We pair allA; andp candidates using tha; selection  gnalysis using a sample of—pm~ events. The differences
as described above. For tipe in addition to the cut on the in the identification efficiencies between the data and Monte
proton probability of greater than 0.0003, we employ addi-Carlo prediction are then used to calculate the systematic
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error in the B(gaA;’p_X)/B(gﬂA:X) measurement extrapolated from a model oﬁ(gaxae‘je)<0.16% at
(Table ). The total systematic error for this mode is thengoo, C.L.[9]. This implies a limit ong(g_,Age*x)/B(g
derived from errors in the efficiency as well as background_)mér or KQ§)<5% at 90% C.L.

determinations. !
For the A .pev, channel, we find

Il. SUMMARY -
B(B™—A.pe vy
Table | summarizes the final nhumbers of candidates for B(B—AZpX)
the three signal modes. After background subtraction, the €
number of wrong sign candidates observed in the data
consistent with our expectations based on Monte Carlo stu
ies.
We measure the ratio

0.04 at 90% C.L. (3

('for the entire electron momentum range.

"~ Our limits on the semileptonic branching ratios do not
support the hypothesis that the exteralemission diagram
saturates charmed baryon productiorBimecays. While the

B(§—>AC+HX) (7669+ 623+ 385) B(BHAge.‘X) measurement is Iimited_ by_ our knowlgdge
— — = of the possible decay states, the exclusive limit constrains the
B(B—(A; or AJ)X) (13552-822+802) expected dominant mode below the corresponding rate mea-
sured forB decays to charmed mesons. The semileptonic
=0.57+0.05+0.05, (1) decay rate fronB to baryons does not add a large contribu-

tion to the total semileptoniB decay rate if these semilep-

. . . 0
consistent with the naively expected value of 50%. etgnics decg/s are dominated by modes of the type

For the electron channels, the number of signal candidat e
is fully consistent with the expected background level, andB—Ac Ne~ ve.
so we derive a 90% confidence level upper limit for the ratio
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