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In this paper we review the most recent results concerning B Baryons at CDF, including the study
of the Q., E, and Zbi(*) observation and properties, and a new measurement of the Ag lifetime
and the observation of new Ag decay modes.

The Q, baryon is observed through the decay chain Q, — J/yQ~, where J/y — u*u-,
Q — AK~, and A — pK—, using 4.2 fo~! of data. The Q, mass is measured to be
6054.4+6.8(stat.)£0.9(syst.) MeV/c?, and the lifetime 1.13 F333(stat.)+0.02(syst.) ps.

For the = the mass is measured 5790.9+2.6(stat.)1-0.8(syst.) MeV/c? and the lifetime
1.56" 051 (stat.)-£0.02(syst.) ps.

The four new states X/, %, Zi", and X;~ have been observed in 1.1 fb~! of
data, and the masses have been determined, m(X}) = 5807.8" %;g(stat.)ilj(syst.),
m(Z,) = 5815.2+1.0(stat)£1.7(syst), m(Z;") = 5820.0"15T 1 and m(Zy) =
5836.4+2.0(stat.) F-(syst.).

CDF has performed a new measurement of the Ag lifetime using 1.1 fo—! of data collected by the
displaced vertex trigger 1.40140.046(stat.)+£0.035(syst.), where the main systematic error is due
to the uncertainty on the trigger model.

The A) — A{n n*n~ decay mode has been observed in 2.4 fb~! of data, with the resonant
decay modes A9 — Ac(2595) n — Adm T, AD — Ac(2625)FnT — Adn T, AD —
Tc(2455) T — Adm wta, and A — £¢(2455)°nt T — Adn nt.
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1. Introduction

B hadrons are abundantly produced at the Tevatron Collider, where the measured b production
cross section is 6(B™) =2.784+0.24 ub for pr(B") > 6 GeV/c and | y|< 1 ([1]), and the available
energy allows the production of the heavier A, Zp, Ep and €y, hadrons. The challenge is extracting
signals from background which are orders of magnitude higher at production. This is achieved with
dedicated detectors and triggers.

The CDF |1 tracker is made of three silicon detectors ([3]) and a drift chamber ([4]) located
within a solenoidal magnetic field. Particle identification is performed with the measurement of
the specific ionisation in the drift chamber and of the time of flight in a specific detector ([5]).
Segmented electromagnetic and hadronic calorimeters surround the tracking system ([6]). The
muon detectors ([7]) are located outside the central hadron calorimeter. CDF Il uses a three-level
trigger system. The heart of the L1 trigger is the eXtremely Fast Tracker ([8]), the trigger track
processor that identifies charged tracks in the drift chamber. The L1 tracks are extrapolated to
the calorimeter and to the muon chambers to generate electron and muon trigger candidates. The
Online Silicon Vertex Tracker ([9]) is part of the L2 trigger. It receives the L1 tracks and the
digitised pulse heights on the axial layers of the silicon vertex detector. It links the L1 tracks to
the silicon hits and reconstructs tracks with offline-like quality, used to select online the secondary
vertices characteristic of the b events in specific triggers. L3 trigger uses a CPU farm which allows
to perform an almost offline-quality reconstruction.

2. Observation and properties of the Q. and = baryons

The Q observation is made through the decay chain Q) — J/yQ~, where J/y — u*pu-,
Q™ — AK™,and A — pr~ [10] in a data sample corresponding to an integrated luminosity of 4.2
fo~1. The =, is reconstructed through the similar decay mode 5, — J/wZ~,where J/y — u*pu-,
=~ — An~,and A~ — prr~. The analysis selects well-measured J/w — u*u~ candidates, where
the two-muon invariant mass is required within 80 MeV/& of the world-average J/y mass. A
candidates use all opposite charge track pairs with pr > 0.4 GeV/c found in the chamber. The
proton (pion) mass is assigned to the track with the higher (lower) momentum, which is correct
for the A candidates used in this analysis for the kinematics of the A decay and the lower limit in
the transverse momentum acceptance of the tracking system. The additional tracks are assigned
the pion or kaon mass, and Az~ and AK™ combinations are identified that are consistent with the
decay process E= — Am~ or Q- — AK™. The charged hyperon candidates have an additional fit
performed with the three tracks that simultaneously constrains both the A and Z or Q~ masses of
the appropriate track combinations and provides the best possible estimate of the hyperon momen-
tum and decay position. A significant background reduction is achieved by requiring the charged
hyperon candidates have track measurements in at least one layer of the silicon detector. The
shorter lifetime of the Q~ makes the silicon selection not efficient in comperate to the Z-. For
this reason silicon detector information on the hyperon track is used when it is available, but it is
not imposed as a requirement for the Q~ selection. The hyperon candidates are combined with the
J/y candidates by fitting the five-track state with constraints approprate for each decay topology
and intermediate hadron state. The u™u~ mass is constrained to the nominal J/y mass, and the
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hyperon candidate is constrained to originate from the J/y decay vertex. The fits that include the
charged hyperson constrain the A candidate tracks to the nominal A mass, and the & and Q™
candidates to the respective nominal masses. b-hadron candidates are required to have g > 6.0
GeV/c and the hyperon to have pr > 2.0 GeV/c. Figure 1 shows the reconstructed == and €
mass distributions.

The = mass is measured to be 5790.94-2.6(stat.)£0.8(syst.) MeV/c and the Q, is measured
to be 6054.4+6.8(stat.)+0.9(syst.) MeV/c®. The systematic errors are due to the uncertainty on
the mass scale of the baryons measured with the hyperons in the final state, estimated as the mass
difference between the B as measured in the J/ywK? and the nominal B° mass and rescaled for
the different energy measured by the tracking system in the two decay modes. A systematic er-
ror is due to the dependence of the measured on the alternative assumption to have a constant or
an event-by-event mass resolution in the fit. A further systematic is due to the uncertainty on the
Q™ mass. The Z, lifetime is measured to be 1.56")5](stat.)£0.02(syst.) ps and the lifetime of
the Q" to be 1.13f8;28(stat.)i0.0Z(syst.) ps. The systematic errors are due to the treatment of
the resolution on the proper decay length in the fit (2 um), to the detector mis-alignment (1 yum).

The productions of the E and of the Q, relative to the AY are found to be Géfié;BB';((:A%:i//ﬁ;)
o(Qy )BRQ, —~J/yQ)

= 0.167 70 05¢ (stat.)£0.012(syst.), and CODBRAS I ] 0.04570:01/ (stat.)+-0.004(syst.). The
acceptance and reconstruction efficiency, determined from Monte Carlo, depends on the g distri-
bution at production of the = and €2,. The analysis assumes that the 5 and Q, are produced
with the same pr distribution as the AD. The uncertainty on the efficiencies contains contributions
due to ng, to the Monte Carlo samples size, to the simulation of the tracking system, to the = and
Q~ branching fractions, to the uncertainty on the Ag yield.
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Figure 1: (Left plot) The invariant mass distributions of (a) J/wE~ and (b) J/ywQ~ combinations for
candidates with ct > 100 um. The projections of the unbinned mass fit are indicated by the blue line; (Right
plot) The solid histograms represent the number of (a) 2, — J/yZ~ and (b) Q, — J/yQ~ candidates
found in each ct bin. The dashed histogram is the fit value. (Right plot) Ag lifetime fit performed on the

data.
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3. Observation of X, and XZj;

The Xy and X, states are searched as resonances in the AJz* mass distributions, where AJ —
Adn~and A — pK- =z, using 1.1 fb~! of data [11]. The Adr states are interpreted as the lowest-
lying charged X, baryons and will be labeled Zt()*). In reconstructing the decays A2 — A7~ and
A$ — pK™r™, the proton from the A¢ decay and the 7z~ from the Ag decay must have pr > 0.5
GeV/c. A combinatorial background is also suppressed by requiring pr(p) > pr(z™). The Al
daughter tracks are 3-D constrained to originate from a single point and the A" candidate is con-
strained to the known A mass, and the A{ momentum is extrapolated to intersect the 7~ momen-
tum vector to form the A) vertex. The A$ and A2 must have pr above 4.5 GeV/c and 6.0 GeV/c
respectively. It is also requested ct(A2) > 250 um and the significance ct(A))/oq > 10, and the
impact parameter of the AJ candidate | dy(A2) |< 80 um. The reconstruction of Zf)*) proceeds by
combining Ag candidates in the Ag signal region with all remaining high quality tracks, with the
pion mass hypothesis used when computing the invariant mass of the Zé*) candidate. Narrow res-
onances are searched in the mass difference distribution of Q = m(A2x) — m(AQ). Selection cuts
are optimised to maximise the sensitivity of the search. Figure 2 reports the Q distributions recon-
structed in data. The main source of backgorund is the combination of prompt A> baryons,or B
mesons reconstructed as Ag baryons, with extra tracks produced in the hadronization of the b quark.
An unbinned maximum likelihood fit determines the mass of the % = 5807.87%9(stat.)£1.7(syst.),
the mass of the X = 5815.2+1.0(stat.)+1.7(syst.), the mass of the ;" = 5829.07 1871 and the
mass of the £~ = 5836.412.0(stat.)ﬂ;§(syst.). The systematic errors are due to the uncertainty on

the mass scale, to the Zé*) background model and to the Zt()*) signal parameterisation.
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Figure 2: (Left plot) The Zé*) fit to the AQz™ and Adm~ subsamples. The top plots shows the Azt

subsample, which contains ij*”, while the bottom plots shows the Agn‘ subsample, which contains ij*)f.
The insets show the expected background plotted onthe data for 0 < Q < 500 MeV/c 2, while the signal fit is
shown on a reduced range range of 0 < Q < 200 MeV/c2. (Right plot) A lifetime fit, decay length (ct(AD))
distribution of the AY — A$ 7~ candidates.

4. Lifetime measurement in the A) — A¢x~ decay mode

CDF has performed a new Ag lifetime measurement using 1.1 fo—! of data collected by the
displaced vertex trigger [12]. A signal of 290558 A2 — A7~ candidates with AS — pK~z+
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Table 1: Measured relative Branching Fractions of the resonant A — A{ 7w+ 7~ decay modes.

has been reconstructed. In this data sample the trigger introduces a bias on the observed proper
decay length, since the trigger selects events with two displaced tracks and removes the events with
the short proper decay lengths and the events with very large ones. The resulting distribution is
not an exponential any more and an efficiency function, determined from Monte Carlo, has to be
introduced to parameterize the trigger and offline selection effects. The Ag lifetime is measured to
be 1.40140.046(stat.)+0.035(syst.) ps (Figure 2), where the dominant systematic errors are due
to the trigger model, the agreement between data and Monte Carlo description of the Al dalitz
structure, of the A.g polarisation, and of the silicon vertex detector alignment.

5. Observation of the resonant structure of the A} — A{ 7~ 77~ decay mode

CDF reconstructed a signal of 848493 AY — Al n~n™ 7~ candidates with A{ — pK~ 7™ in
2.4 fb~1 of data (Figure 3). Inthe A} — Afm~m" 7~ sample we reconstructed the resonant decay
modes: AJ — Ac(2595)" 7~ (46.649.7 candidates), AD — A¢(2625)" 7~ (114+13 candidates),
A — 2(2455) -~ (81+15 candidates), and AD — 2¢(2455)°z* ~ (41.5+9.3 candidates)
(Figure 3). We measured the relative branching fractions of the resonant Ag decay modes (Table
1), by using the signal yields estimated by perfoming fits of the mass distributions (Figure 3) and
relative efficiency factors estimated with Monte Carlo. The main sources of systematic errors derive
from the uncertainties on fits of the data and from the uncertainties on relative efficiencies estimated
with the Monte Carlo simulation. The main uncertainties on the fits of the data derive from the
uncertainties of the background models and from the resolution model used in the model of the
resonant signals, and from the uncertainty on the contributions of the Cabbibbo suppressed decay
modes. The main uncertainties due to the relative efficiencies derive from the uncertainties on the
A, Ac(2595)", and Ac(2625)" resonant structure, from the average of the relative efficiency for
the A) — A{p%z~ and A — A n~n "~ decay modes, which are not separated in this analysis,
from the unknown Ag and A polarisations, from the uncertainty on the Ag production transverse
momentum distribution, and from the uncertainty on the Ag and AZ lifetimes.

6. Conclusions

In this paper we reviewed the most recent results in the field of B baryons at CDF. These
include the observation of the ©, Z., I and X;, and new measurement of the A) properties,
including the lifetime and the observation of the Ag — Afm ntn~ decay mode.
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Figure 3: (Top row, first from left) Ag — Afmn mtr~ candidates mass distribution; (Top row, second
from left) A2 — A¢(2595)*7~ and AY — A¢(2625) "z~ candidates in a 30 A2 mass window (o = 16
MeV/c?); (Top row, third from left) AJ — £¢(2455) " "z~ 7~ candidates in a =30 A9 mass window; (Top
row, fourth from left) A — £.(2455)°7" 7~ candidates in a =30 A) mass window; (Bottom row, first
from left) Ag — Adn ntn candidates mass distribution with a veto on the charm baryon resonat decay
modes; (Bottom row, second from left) A3 — Az~ z* 7~ candidates mass distribution in the A¢(2595)*
and A¢(2625)" mass window; (Bottom row, third from left) A2 — A{z~ztz~ candidates mass distribu-
tion in the ¢(2455) " mass window; (Bottom row, fourth from left) AJ — Afz~n* 7~ candidates mass
distribution in the ¢(2455)° mass window.
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