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In this paper we review the most recent results concerning B Baryons at CDF and DO, including
the observation and the study of the properties of the Q,, =, and Zﬁ(*), the observation of new
/\g decay modes, and a new measurement of the lifetime of the b hadrons in decays with a J/ (.
The Q baryon is observed through the decay chain Q, — J/@Q~, where J/i — p*u-,
Q™ — AK™, and A — pK~, using 4.2 fb! of data. The QE mass is measured to be
6054.4-£6.8(stat.)£0.9(syst.) MeV/c?, and the lifetime 1.137)-33(stat.)£0.02(syst.) ps.

For the = the mass is measured 5790.94-2.6(stat.)£0.8(syst.) MeV/c? and the lifetime
1.567021 (stat.)£0.02(syst.) ps.

A new accurate measurement of the properties of the resonances Zb+, Zg, ZE*, and
Z’B_ has been performed in 6 fb~! of data, and the masses have been determined,
m(ZF) = 5811.2%0%(stat) £ 1. 7(syst.), m(Z,) = 5815.570stat)£1.7(syst.), m(Z;T) =
5832.0+0.7(stat.)£1.8(syst.), and m(Z; ™) = 5835.040.6(stat.)4-1.8(syst.).

The A) — A{ T " decay mode has been observed in 2.4 fb~! of data, with the resonant
decay modes A) — A¢(2595)Tm — NS mhm, A) — Ac(2625) T — NS, A —
Z(2455) T - AT, and A) — 5¢(2455)°n i - NSt

CDF has performed new measurements of the b hadron lifetimes in decays with a
J/i. The measured lifetimes are the currently most precise determination of the BT,
B? and /\g lifetimes. The measured values are CT(B+)=491.4j:2.6(stat.)i2.6(syst.) Um,
CT(B))=451.7:l:3.0(stat.)j:2.5(syst.) Um, and CT(/\g)=460.8j:13.4(stat.)j:4.1(syst.) ym.
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1. Introduction

B hadrons are abundantly produced at the Tevatron Collider, where the measured b production
cross section is 0(B1) =2.78 +0.24 ub for pr(B") > 6 GeV/c and | y|< 1 ([1]), and the available
energy allows the production of the heavier Ap, 2y, =p and Qp 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 II 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 II 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.

The DO detector [10] uses an excellent central tracking system which consists of a silicon mi-
crostrip tracker and a central fiber tracker surrounded by a solenoidal magnet and provides signals
to the Level 2 and Level 3 trigger systems to select events with displaced vertices from b-quark de-
cay. The DO calorimeter system consists of three sampling calorimeters (primarily uranium/liquid-
argon) and an intercryostat detector.The muon system uses proportional drift tubes, mini drift tubes,
and toroidal magnets and provides a coverage to | n |~ 2.0.

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

The Q,, observation is made at DO[12] and CDF[11] through the decay chain Q. — J /YQ-,
where J/() — putpu~, Q- — AK™,and A — prr. The =, is reconstructed through the similar de-
cay mode =, — J/P=", where J/Y — u*u~, =" — Am,and A\~ — prr_ as a crosscheck. The
CDF analysis selects well-measured J/( — ™~ candidates, where the two-muon invariant mass
is required within 80 MeV/c? of the world-average J/( 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 AT~ and AK™
combinations are identified that are consistent with the decay process =~ — AT or Q~ — AK™.
The charged hyperon candidates have an additional fit performed with the three tracks that simulta-
neously constrains the /A and =~ or Q™ masses of the appropriate track combinations and provides
the best possible estimate of the hyperon momentum and decay position. A significant background
reduction is achieved by requiring the charged hyperon candidates have track measurements in at
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least one layer of the silicon detector. The shorter lifetime of the Q~ makes the silicon selection
not efficient in comperate to the =~. 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/( 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/{/ mass, and the hyperon candidate is constrained to originate from
the J/( decay vertex. The fits that include the charged hyperon 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 pt > 6.0 GeV/c and the hyperon to have pr > 2.0 GeV/c. Figure
1 shows the CDF = and Q mass distributions.

CDF measures a = mass to be 5790.9+2.6(stat.)4-0.8(syst.) MeV/c? and the Q, 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 BY as measured in the J/@K 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 = lifetime is measured to be l.56f8:§g(stat.):t0.02(syst.) ps and the lifetime of
the Q to be 1.13f8:i(3)(stat.)iO.O2(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 [m).
0(Z, )BR(E, —~J/Y=")

. - — . 0
The productions of the = and of the Qg relative to the /A are found to be o ADBRIAI /@A)
a(Qy)BR(Q, —J/yQ")

= 016775533 (stat.)£0.012(syst.), and = BRG] 0.04570-01 7 (stat.)+-0.004(syst.). The
acceptance and reconstruction efficiency, determined from Monte Carlo, depends on the pt distri-

bution at production of the =, and Q. The analysis assumes that the =, and Q, are produced
with the same pr distribution as the /\g. The uncertainty on the efficiencies contains contributions
due to f A tO the Monte Carlo samples size, to the simulation of the tracking system, to the =~ and
Q™ branching fractions, to the uncertainty on the /\g yield.

DO performed the first observation of the =, in 1.3 fb~! of data [13] and measured the
mass to be 5774411(stat.)+15(syst.) MeV/c2. DO observed also a signal of 17.8+4.9 events
of Q, with a significance of 5.40 is the same decay mode as CDF. The measured Q, mass is
6.165410(stat.)4-13(syst.) shows a discrepancy of ~ 60 from CDF. A new analysis which uses
five times more statistics is currently in progress at DO to understand the orgin of this discrepancy.

3. Measurement of the resonance properties of the =, and Zj baryons

The 2 and 2 states have been observed at CDF as resonances in the /\87‘[jE mass distributions,
where A) — A and A — pK~ 1", using 1.1 fb~! of data [14]. The AD7T states are interpreted
as the lowest-lying charged > baryons and are labeled ZE)*). CDF has recently performed an update
of this analysis using 6 fb~! of data. In reconstructing the decays A) — AJ 7T~ and A{ — pK~ 1",
the proton from the Al decay and the 77 from the /\g decay must have pr > 0.5 GeV/c. AJ com-
binatorial background is also suppressed by requiring prt(p) > pr (7). The A daughter tracks

are 3-D constrained to originate from a single point and the A¢ candidate is constrained to the
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Figure 1. (Left plot) The invariant mass distributions of (a) J/W=" and (b) J/YQ~ combinations for
candidates with ct > 100 um reconstructed at CDF. The projections of the unbinned mass fit are indicated
by the blue line; (Right plot) The solid histograms represent the number of (a) =, — J/¢=" and (b) Q, —
J/YQ~ candidates found in each ct bin. The dashed histogram is the fit value. (Right plot) /\g lifetime fit
performed on the data.

known Al mass, and the Al momentum is extrapolated to intersect the 7T~ momentum vector to
form the /\g vertex. The Al and /\g must have pr above 4.5 GeV/c and 6.0 GeV/c respectively. It
is also requested ct(A)) > 200 pm and the significance ct(AD)/0y > 12, and the impact param-
eter of the A} candidate | do(A]) |< 80 pm. The reconstruction of Zl()*> proceeds by combining
/\g candidates in the /\g signal region with all remaining high quality tracks, with the pion mass
hypothesis used when computing the invariant mass of the Zl()*) candidate. Narrow resonances are
searched in the mass difference distribution of Q = m(AD7T) — M(AQ) —my. Selection cuts are opti-
mised to maximise the sensitivity of the search. Figure 2 reports the Q distributions reconstructed
in data. The main source of background is the combination of prompt /\g baryons,or B mesons
reconstructed as /\g baryons, with extra tracks produced in the hadronization of the b quark. An
unbinned maximum likelihood fit determines the mass of the X, = 5811.270-2(stat.)£1.7(syst.)
(~470 signal events), the mass of the 2,/ = 5815.5f8:g(stat.)j:1.7(syst.) (=330 signal events), the
mass of the ZE* = 5832.040.7(stat.)4-1.8(syst.) (=780 signal events), and the mass of the ZE’ =
5835.0+0.6(stat.)+1.8(syst.) (/520 signal events). The systematic errors are due to the uncer-
tainty on the fit procedure, on the uncertainties on the momentum scale and on the assumptions
made in the fitter, which include the fixed parameters describing the detector resolution and the
model describing the background. A more accurate description of this analysis can be found in
[15].

4. Charm baryon spectroscopy

CDF has performed an analysis of the excited charm baryons (A (2595), Af (2625), 527 (2455)
and 20" (2520)) reconstructed in the strong decays to the AJ" ground state (AXT — A 7T 7T and
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Figure2: (Left plot) 2, ™) fit to the /\gﬂ_ subsample; (Right plot) Zg(*) fit to the /\87‘[Jr subsample.

S0+t - Afmmt). The analysis performs a measurement of the mass differences of these res-
onances to the A mass and of the corresponding decay widths. The A (2595) mass shape is
affected by kinematical threshold effects in the resonant subdecay A{ (2595) — Z(2455) 1 which
lead to a mass which is approximately 3 MeV/c? lower than the previously measured values. This
analysis uses the highest number of signal events for all the resonances which leads to the most
accurate values of the Al (2595) and AZ (2625) properties[16].

5. Observation of theresonant structure of the A} — Af "~ decay mode

CDF reconstructed a signal of 848+93 A) — A$ 7 " 1T candidates with A{ — pK~ 7" in
2.4 fb~! of data (Figure 3). In the /\g — N " sample we reconstructed the resonant decay
modes: /\g — Ne(2595)T T (46.6+9.7 candidates), /\g — N(2625)T T (114+13 candidates),
N) — 5(2455) " (81415 candidates), and A — Z¢(2455)°m" ™ (41.5+9.3 candidates)
(Figure 3). We measured the relative branching fractions of the resonant /\8 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
NE, Ne(2595)T, and Ac(2625)7 resonant structure, from the average of the relative efficiency for
the /\g — NP and /\g — N\{ Tt decay modes, which are not separated in this analysis,
from the unknown /\g and A polarisations, from the uncertainty on the /\g production transverse
momentum distribution, and from the uncertainty on the /\8 and A/ lifetimes. More details abotu
this analysis can be found in [17].

6. b hadron lifetime measurement in the J/m decay modes

CDF has performed a new b hadron lifetime measurement using the decay modes B® —
J/PK*0, B — J/yYK?, BT — J/PK™, and A) — J/WYA reconstructed in 4.3 fb~! of data col-
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Table 1: Measured relative Branching Fractions of the resonant /\g — Ndm e decay modes.
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Figure 3: (Top row, first from left) /\g — /\ér T 1" 1T candidates mass distribution; (Top row, second
from left) A) — A¢(2595)*m and A) — Ac(2625)" 1 candidates in a 30 A) mass window (0 = 16
MeV/c?); (Top row, third from left) A) — Z¢(2455)" 1~ candidates in a =30 A) mass window; (Top
row, fourth from left) /\8 — 3¢(2455)°m T candidates in a £30 /\g mass window; (Bottom row, first
from left) /\g — A{m " candidates mass distribution with a veto on the charm baryon resonat decay
modes; (Bottom row, second from left) AQ — A{ 1"~ candidates mass distribution in the A¢(2595)*
and A¢(2625)" mass window; (Bottom row, third from left) /\g — At candidates mass distribu-
tion in the 5¢(2455)" " mass window; (Bottom row, fourth from left) A) — A$ 7T "~ candidates mass
distribution in the Z¢(2455)° mass window.

lected by the dimuon trigger, which has no biasing effect on the observed proper time distri-
bution. Signal samples of ~45,000 B, 229,000 BY, and =1,700 /\g are reconstructed. The
analysis consistes of a maximum likelihood fit that uses information from mass, proper decay
time and proper decay time error to extract the lifetime of the hadrons. The use of similar final
states and a unified analysis strategy allow partial cancellation of certain systematic uncertain-
ties in the lifetime ratios. The measured lifetimes are the currently most precise determination of
the BT, B and A lifetime. The measured values are cT(B™)=491.442.6(stat.)£2.6(syst.) Um,
CT(B)):451.7i3.0(stat.)12.5(syst.) ym, and CT(/\g):460.Si13.4(stat.)j:4.l(syst.) um. [18]
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7. Conclusions

In this paper we reviewed the most recent results in the field of B baryons at CDF and DO.
These include the observation of the Qp, =/, 2 and 2§, and the reconstruction of the new /\g —
At decay mode, and the new measurement of b hadron lifetimes in the J/(/ modes.
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