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Why B spectroscopy?Why B spectroscopy?

We are not looking for New PhysicsWe are not looking for New Physics (but may find (but may find 
subtle discrepancy…)subtle discrepancy…)
Standard Model is extraordinary. Deserves Standard Model is extraordinary. Deserves 
thorough elucidation.thorough elucidation.
BB--quark discovered in 1977. Wealth of bquark discovered in 1977. Wealth of b--mesons is mesons is 
found. found. Only one bOnly one b--baryon well established so far.baryon well established so far.
Effective theories derived from QCD needed for Effective theories derived from QCD needed for 
dynamical understanding: HQETdynamical understanding: HQET

mmcc,m,mbb,m,mtt >>> > ΛΛQCDQCD >> >> mmuu, , mmdd, m, ms  s  ⇒⇒ Heavy Quark SymmetryHeavy Quark Symmetry

HQET extensively tested for HQET extensively tested for QqQq systems; systems; 
interesting to check predictions for interesting to check predictions for QqqQqq systemssystems
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What’s new?What’s new?

Observation of Observation of orbitallyorbitally excited Bexcited Bss
****

mesonsmesons
Observation and mass measurement of Observation and mass measurement of 
BBcc →→ J/J/ψψ ππ
Search for Search for ηηbb →→ J/J/ψψ J/J/ψψ
Observation of new beauty baryons Observation of new beauty baryons ΣΣbb

±±(*)(*)



ToolsTools
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TevatronTevatron

today results: first fb-1

Excellent performance of Excellent performance of TevatronTevatron in last yearsin last years
Record Instantaneous luminosity > 2x10Record Instantaneous luminosity > 2x1032 32 cmcm--2 2 ss--11

Now: delivered Now: delivered ∫∫LdtLdt=1.8 fb=1.8 fb--11

Good for bGood for b--physicsphysics on tape on tape ∫∫LdtLdt=1.3 fb=1.3 fb--1 1 
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μμ coverage coverage 
||ηη| | ≤≤ 11

84% in 84% in ϕϕ

The CDF II detectorThe CDF II detector

silicon layers:silicon layers:
90 cm long,  |90 cm long,  |ηη| ≤ 2.0| ≤ 2.0
rr0000 = 1.3= 1.3÷÷1.6 cm1.6 cm

96 layer drift chamber
44< r <132 cm, |z|<155 cm 44< r <132 cm, |z|<155 cm 
||ηη| ≤ 1.0, 30k channels| ≤ 1.0, 30k channels

Resolution:Resolution:
ppTT~0.15% ~0.15% ppTT

vertex rvertex r--ϕϕ ~ 30 ~ 30 μμm ; m ; rr--zz ~ 80 ~ 80 μμmm
J/J/ψψ mass ~14 MeV/cmass ~14 MeV/c22

Trigger: 3 levelsTrigger: 3 levels
25000 / 300 / 100 Hz25000 / 300 / 100 Hz
L1: COT   tracks L1: COT   tracks 
L2: silicon  tracksL2: silicon  tracks
dead time < 5%dead time < 5%
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B physics @ B physics @ TevatronTevatron
Compared to Compared to ee++ee-- experiments on experiments on ΥΥ(4S) or Z(4S) or Z00

Pro:Pro:
pp → bb  xpp → bb  x--section is >1000 times larger section is >1000 times larger (~10 (~10 μμbb ))
All species of bAll species of b--hadrons: not just Bhadrons: not just B±±/B/B00, also B, also Bss

00, , BBcc, , ΛΛbb
00

ControContro::
QCD background QCD background ×10×1033 larger than larger than σσ((bbbb) ) 
multiple interactions, large multiple interactions, large combinatoricscombinatorics..
Collision rate ~1.7 MHz Collision rate ~1.7 MHz tape writing limit ~100 Hztape writing limit ~100 Hz
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B physics @ CDF: triggers are crucialB physics @ CDF: triggers are crucial

Trigger configurations:Trigger configurations:
DiDi--muonmuon
Lepton plus displaced trackLepton plus displaced track
2 displaced tracks2 displaced tracks

Secondary Vertex Trigger (SVT)  Secondary Vertex Trigger (SVT)  
is unique to CDF!is unique to CDF!

First of its kind to trigger on fully First of its kind to trigger on fully 
hadronichadronic b/cb/c decaysdecays

~ 42 TB in 

BCHARM 

trigger!

B→hh

BR~10BR~10--55 visible with just trigger visible with just trigger 
confirmation !confirmation !
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BBss and and ΛΛbb mass measurementsmass measurements

PRL 96, 202001 2006PRL 96, 202001 2006

better precision than the current world overage!better precision than the current world overage!

220 220 pbpb --11
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ΛΛbb LifetimeLifetime

Measured with fully reconstructed Measured with fully reconstructed ΛΛbb J/J/ψψ ΛΛ00 decaydecay
542 542 ΛΛbb candidates candidates 
World best World best ττ((ΛΛbb) measurement !) measurement !

1fb 1fb --11
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World Average
(without this result) NLO

(C.Tarantino et al.,
hep-ph/0203089)

CDF New
Result

ΛΛbb Lifetime Lifetime vsvs theorytheory

As precise as previous As precise as previous 
world averageworld average

3.1 3.1 σσ different though!different though!
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Observation of Observation of orbitallyorbitally
excited (L=1) excited (L=1) BBss

**** mesonsmesons
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OrbitallyOrbitally Excited Excited BBsJsJ Mesons Mesons 

jjqq JJPP BBss
** DecayDecay WidthWidth

1/21/2

1/21/2

3/23/2

3/23/2

Broad (SBroad (S--wave)wave)00++

11++

11++

Broad (SBroad (S--wave)wave)

Narrow (DNarrow (D--wave)wave)

22++ Narrow (DNarrow (D--wave)wave)

BBs0s0 BBΚΚ

BBs1s1 BB**ΚΚ

BBs1s1 BB**ΚΚ

BBs2s2
** BBΚ, Κ, BB**ΚΚ

•B*+→B+γ, where γ is undetected

•Shift of possible Bs2
*, Bs1 peaks by    

ΔM(B*+ - B+) = 45.78 MeV/c2 (see PDG) 

•Two channels: B+→J/ψK, B+→Dπ
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BB++ sample: ~58 000!sample: ~58 000!

Use Neural Network to optimize both BUse Neural Network to optimize both B++ and Band Bss
****



CERN - October 31, 2006 15E.Vataga - Latest results on b-spectroscopy from CDF

OrbitallyOrbitally Excited BExcited Bss--mesonsmesons

Two signals: Two signals: 
BB**

s2   s2   already seen by OPAL, DELPHI and DØalready seen by OPAL, DELPHI and DØ

BBs1      s1      ⇒⇒ first observation!first observation!

Bs2
*

Bs1
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Discovery of BDiscovery of Bs1s1

N (B*N (B*s2s2) = 94.8 ) = 94.8 ±± 23.4(stat)23.4(stat)

N (BN (Bs1s1)  = 36.4 )  = 36.4 ±± 9.0(stat)9.0(stat)

PP--value from Toy MC ~ 2value from Toy MC ~ 2××1010--77

Greater than 5 Greater than 5 σ !σ !
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Observation of Observation of BBcc →→ J/J/ψψ π  π  
and mass measurement of and mass measurement of BBcc
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BBcc is not produced at B factoriesis not produced at B factories
Observed in Observed in semileptonicsemileptonic modemode
Full reconstruction allowsFull reconstruction allows
for precise mass measurementfor precise mass measurement
New analysisNew analysis

Tune selection on BTune selection on B++→→ J/J/ψψ KK++

After approval, “open box”.After approval, “open box”.
Wait for significant excessWait for significant excess
Measure properties of the BcMeasure properties of the Bc

b
c

c
c

πu
d

J/ψBc

Bc: change
K to a π

b

c

_
BBcc

±± →→ J/J/ψψ ππ±±
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BBcc
±± →→ J/J/ψψ ππ±±

b

c

_

m(Bm(Bcc) = 6276.5 ) = 6276.5 ±± 4.0 (stat) 4.0 (stat) ±± 2.7(syst)  MeV/c2.7(syst)  MeV/c22

N(BN(Bcc) = 45.2) = 45.2±±9.4, S/9.4, S/√√BB = 7.5= 7.5

theories

Challenges Challenges 
theoretical theoretical 
predictionspredictions
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Search for Search for ηηbb →→ J/J/ψψ J/J/ψψ
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IntroductionIntroduction

SpinSpin--singlet bb bound statesinglet bb bound state
σσ(pp(pp →→ ηηbbXX ) ~ ) ~ μμbb level at level at 
Tevatron energy scaleTevatron energy scale
Large uncertainty on decay Large uncertainty on decay 
branching fraction:branching fraction:

BRBR(η(ηbb→→J/J/ψψJ/J/ψψ→→μμμμμμμμ) ∼10) ∼10−−7 7 ÷÷ −−55

The The BottomoniumBottomonium systemsystem
_

_

b

b

_
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Exclusive search from CDF Exclusive search from CDF RunIRunI and LEP and LEP 
Inclusive search from CLEO                          Inclusive search from CLEO                          
( ( ϒϒ((nSnS))-- > > ηηbbγγ ; ; hhbb-- > > ηηbbγγ))
No significant evidence yet.No significant evidence yet.

Run I   history (80 pbRun I   history (80 pb--11):):
7 events observed/ 1.8 7 events observed/ 1.8 backgrbackgr. (2.2 . (2.2 σ)σ)
Upper limit 18 Upper limit 18 pbpb

Search for Search for ηηbb→→JJ//ψψJ/J/ψψ
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Expected 3.6 bkg events; Expected 3.6 bkg events; 
observe 3 eventsobserve 3 events
Set upper limit for Set upper limit for 
production cross sectionproduction cross section

31098.4
)/(

)//()( −×<
→→

→⋅→
XJbpp

JJBrXpp bb
ψσ

ψψηησ

ResultsResults
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Observation of  new beauty Observation of  new beauty 
baryons baryons ΣΣbb

±±(*)(*)

http://www.fnal.gov/pub/presspass/press_releases/sigma-b-baryon.html
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Bottom Baryon States with B=1,C=0,JBottom Baryon States with B=1,C=0,JPP = 1/2= 1/2++, 3/2, 3/2++

NotationNotation Quark Quark 
contentcontent JJPP SU(3)SU(3) (I,I(I,I33)) SS MassMass

ΛΛbb
00 b[udb[ud]] 1/21/2++ 3*3* (0,0)(0,0) 00 5619.75619.7±±1.21.2±±1.2 1.2 MeVMeV

ΞΞbb
00 b[sub[su]] 1/21/2++ 3*3* (1/2,1/2)(1/2,1/2) --11 5.80 5.80 GeVGeV

ΞΞbb
-- b[sdb[sd]] 1/21/2++ 3*3* (1/2,(1/2,--1/2)1/2) --11 5.80 5.80 GeVGeV

ΣΣbb
++ buubuu 1/21/2++ 66 (1,1)(1,1) 00 5.82 5.82 GeVGeV

ΣΣbb
00 b{udb{ud}} 1/21/2++ 66 (1,0)(1,0) 00 5.82 5.82 GeVGeV

ΣΣbb
-- bddbdd 1/21/2++ 66 (1,(1,--1)1) 00 5.82 5.82 GeVGeV

ΞΞbb
00’’ b{sub{su}} 1/21/2++ 66 (1/2,1/2)(1/2,1/2) --11 5.94 5.94 GeVGeV

ΞΞbb
00’’ b{sdb{sd}} 1/21/2++ 66 (1/2,(1/2,--1/2)1/2) --11 5.94 5.94 GeVGeV

ΩΩbb
00 bssbss 1/21/2++ 66 (0,0)(0,0) --22 6.04 6.04 GeVGeV

ΣΣbb**++ buubuu 3/23/2++ 66 (1,1)(1,1) 00 5.84 5.84 GeVGeV

ΣΣbb**00 budbud 3/23/2++ 66 (1,0)(1,0) 00 5.84 5.84 GeVGeV

ΣΣbb**-- bddbdd 3/23/2++ 66 (1,(1,--1)1) 00 5.84 5.84 GeVGeV

ΞΞbb**0  0  busbus 3/23/2++ 66 (1/2,1/2)(1/2,1/2) --11 5.94 5.94 GeVGeV

ΞΞbb**-- bdsbds 3/23/2++ 66 (1/2,(1/2,--1/2)1/2) --11 5.94 5.94 GeVGeV

ΩΩbb**-- bssbss 3/23/2++ 66 (0,0)(0,0) --22 6.06 6.06 GeVGeV M
as

s p
re

dic
tio

ns
 fr

om
 h

ep
-p

h/
94

06
35

9

NotationNotation Quark Quark 
contentcontent JJPP SU(3)SU(3) (I,I(I,I33)) SS MassMass

ΛΛbb
00 b[udb[ud]] 1/21/2++ 3*3* (0,0)(0,0) 00 5619.75619.7±±1.21.2±±1.2 1.2 MeVMeV
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Predictions on Predictions on ΣΣbb
--(*)(*)//ΣΣbb

+(*)  +(*)  

propertiesproperties

ΣΣbb propertyproperty Expected val. Expected val. (MeV/c(MeV/c22))

m(m(ΣΣbb)  )  –– m(m(ΛΛbb)) 180 180 ÷÷ 210210
m(m(ΣΣbb

∗∗) ) –– m(m(ΣΣbb)) 1010÷÷4040
m(m(ΣΣbb

-- ) ) –– m(m(ΣΣbb
++)) 5 5 ÷÷ 77

ΓΓ((ΣΣbb),    ),    ΓΓ((ΣΣbb
∗∗) ) ~8~8,   ~,   ~1515

Strong decay with Strong decay with ππ
emissionemission:              

Σb→ Λb π

NRQCD, HQETNRQCD, HQET

Potential modelsPotential models

1/N1/Ncc expansionsexpansions

Lattice QCD calculationsLattice QCD calculations
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MethodologyMethodology

1-trk vertex

Trigger tracks Decay  chain:Decay  chain:

ΣΣb b 
--((∗∗))
→→ΛΛbb

00 ππ--

ΛΛbb
00
→→ ΛΛcc

++ππ--

ΛΛcc
++
→→ p K p K --ππ++

πΣ soft track 
from Primary 

Vertex
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StrategyStrategy
Optimize  Optimize  ΛΛbb yieldyield

Evaluate different Evaluate different 
background contributionsbackground contributions

Optimize Optimize ΣΣbb
selection (MC)selection (MC)

Blind Blind ΣΣbb signal regionsignal region

Check for possible Check for possible 
reflections from other B reflections from other B 

decaysdecays

Estimate detector Estimate detector 
resolution for resolution for ΣΣbb (MC)(MC)

Measure Measure ΣΣbb yields and yields and 
MassesMassesSet the limitSet the limit

Understanding 

Understanding 

of background 

of background 

is crucial!

is crucial!

OPEN THE BOXOPEN THE BOX
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Discriminating variableDiscriminating variable

Search for narrow resonances in Search for narrow resonances in 
Q = m(Q = m(ΛΛbbππ))-- m(m(ΛΛbb))-- m(m(ππ) ) 

Blinded region 0.03<Q<0.10 GeV/cBlinded region 0.03<Q<0.10 GeV/c22

Work with 2 distributions Work with 2 distributions 
( expect ( expect m(m(ΣΣbb

-- ))> > m(m(ΣΣbb
++) )) )

Same Charge (SC)Same Charge (SC):           :           
ΣΣbb

--((∗∗))
→→ΛΛbb

00 ππ--
→→ ΛΛcc

++ππ-- ππ-- ( ( + + c.cc.c ))

Opposite charge (OC)Opposite charge (OC):    :    
ΣΣbb

+(+(∗∗))
→→ΛΛbb

00 ππ++
→→ ΛΛcc

++ππ-- ππ++ ( ( + + c.cc.c ))

Remove Remove ΛΛbb

resolutionresolution

Two Two ππ have have 
same/opposite chargesame/opposite charge

ΣΣbb
++
((buubuu) and anti) and anti--ΣΣbb

++

5.787<5.787<m(m(ΣΣbb)<5.857 GeV)<5.857 GeV/c/c22

ΣΣbb
--
((bddbdd) and anti) and anti--ΣΣbb

--
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Expected backgroundExpected background
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ΛΛbb samplesample

N (N (ΛΛbb )) 86 %86 %

N (B)N (B) 10 %10 %
combcomb 4 %4 %

Signal region:Signal region: [5.565, 5.670][5.565, 5.670]

Combinatorial background

Reflections 

Largest  in Largest  in 

the World!   the World!   
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ΣΣb b optimizationoptimization

Cut are optimized with signal region blinded.Cut are optimized with signal region blinded.
Signal is taken from PYTHIASignal is taken from PYTHIA
Background is taken from the sidebands.Background is taken from the sidebands.
Optimization is done maximizing FOM Optimization is done maximizing FOM εε(S)/(S)/√√BB
No cut on No cut on ppTT ((ππΣΣ) ) CutCut ValueValue

PPTT ((ΣΣbb)) > 9.5 > 9.5 GeV/cGeV/c

|d0/|d0/σσ(d0) | ((d0) | (ππΣΣ)) < 3< 3

coscos θθ∗∗ ((ππΣΣ)) > > --0.350.35

crosscross--check on check on 
D*D*→→DD00ππ, included in , included in 

systematicsystematic
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Background  CompositionBackground  Composition

Background type Sample Contribution

ΛΛb b HA+UEHA+UE PYTHIAPYTHIA DominantDominant

Combinatorial 
Upper Λb sideband

m(Λb)∈ [5.8, 7.0]
Small (~ 5%)

B mesons data Small (~10%)

ππΣΣ from B HA+UEfrom B HA+UE PYTHIAPYTHIA Dominant within BDominant within B

ππΣΣ from from 

B decay (D*, D**)B decay (D*, D**)
Inclusive BGenInclusive BGen negligiblenegligible

B meson B meson 
reflectionsreflections

ππΣΣ from B**from B** B0 PYTHIAB0 PYTHIA negligiblenegligible

replacedreplaced
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Corrections to MC samplesCorrections to MC samples
PYTHIA PYTHIA ΣΣbb→Λ→Λbbππ
Do not expect perfect Do not expect perfect 
description for bdescription for b--baryons baryons 
–– experimental data are experimental data are 
limitedlimited
Needs Needs reweightingreweighting

PPTT((ΣΣbb))
PPTT(soft(soft ππ))

Included in systematicIncluded in systematic
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Fitting backgroundFitting background

CombinatorialCombinatorial B mesonsB mesons ΛΛbb HA+UEHA+UE

alternative fit shapes in alternative fit shapes in systematicssystematics
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Detector resolution and signal widthDetector resolution and signal width

Estimated detector resolution Estimated detector resolution 
from MC generating signal with from MC generating signal with 
0 natural width ~ 2 MeV/c0 natural width ~ 2 MeV/c22

CrossCross--check on D* check on D* →→DD00ππ (MC)(MC)
ΓΓ((ΣΣbb) is predicted by HQET:) is predicted by HQET:

Dominated by natural width Dominated by natural width 

Width grows with QWidth grows with Q

hep-ph/9406359
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Sum of Background FitsSum of Background Fits

Smooth background Smooth background 
shape in signal windowshape in signal window
Fixed fit parameters Fixed fit parameters 
before opening the boxbefore opening the box
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UnblindedUnblinded Q distributionQ distribution

SampleSample DataData BkgBkg ExcessExcess

SCSC 416416 268268 148148

OCOC 406406 298298 108108

Significant 
excess in both 
distributions!

•Naïve S/√(S+B) ~ 9 σ
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Fitting the signalFitting the signal
Simultaneous Simultaneous unbinnedunbinned NLL NLL 
fit for both  fit for both  ΣΣbb

--(*)(*)//ΣΣbb
+(*) +(*) 

distributionsdistributions
Background frozenBackground frozen
4 peaks:                         4 peaks:                         
BreitBreit--WignerWigner ⊗⊗ GaussiansGaussians
ΓΓ((ΣΣbb) = function (Q)) = function (Q)
7 Floating parameters:7 Floating parameters:

Num of events in 4 peaks:  N (Num of events in 4 peaks:  N (ΣΣbb) ) 
Q(Q(ΣΣbb

--) and Q () and Q (ΣΣbb
++))

Common parameter Common parameter Q(Q(ΣΣbb
**))-- Q(Q(ΣΣbb))
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Fit: values and errorsFit: values and errors

ParameterParameter ValueValue ErrorsErrors

Q (Q (ΣΣbb
--) [MeV/c) [MeV/c22]] 55.955.9 --0.96, +0.990.96, +0.99

Q (Q (ΣΣbb
++) [MeV/c) [MeV/c22]] 48.448.4 --2.29, +2.022.29, +2.02

N (N (ΣΣbb
--)) 6060 --13.8, +14.813.8, +14.8

N (N (ΣΣbb
* * -- )) 7474 --17.4, 18.217.4, 18.2

N (N (ΣΣbb
* +* + )) 7474 --16.3, 17.216.3, 17.2

Q (Q (ΣΣbb
**) ) -- Q (Q (ΣΣbb) [MeV/c) [MeV/c22]] 21.321.3 --1.94, 2.031.94, 2.03

N (N (ΣΣbb
++)) 2929 --11.6, +12.411.6, +12.4

NLLNLL --24553.524553.5
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Signal significanceSignal significance

HypothesisHypothesis ΔΔ((--lnln((££)))) 1/LR1/LR
““NULL”NULL” 44.744.7 2.6e192.6e19
““Two Peaks”Two Peaks” 14.314.3 1.6e61.6e6

No No ΣΣbb
-- peakpeak 10.410.4 3.3e43.3e4

No No ΣΣbb
+ + peakpeak 1.11.1 33

No No ΣΣbb
--* * peakpeak 10.110.1 2.4e42.4e4

No No ΣΣbb
+* +* peak peak 9.89.8 1.8e41.8e4

Naïve: 9Naïve: 9σσ
PP-- value calculation: > 5value calculation: > 5σ σ (not enough (not enough 
Toy MC)Toy MC)
Evaluate Likelihood Ratio for different Evaluate Likelihood Ratio for different 
hypothesis:hypothesis:

4 peaks are 2.6 4 peaks are 2.6 ××101019 19 more more 
likely then likely then no peak at allno peak at all

Background fluctuation is Background fluctuation is 
statistically excludedstatistically excluded

Hypothesis with 4 peaks in Hypothesis with 4 peaks in 
the most favorablethe most favorable
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SummarySummary

We observe four We observe four ΛΛbbππ resonant states  240 resonant states  240 
events in total events in total 
The significance of the signal > 5The significance of the signal > 5σσ
The signal is consistent with the lowest lying The signal is consistent with the lowest lying 
ΣΣbb

±±((∗∗)) statesstates
We measure Q values: We measure Q values: 
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PlansPlans

Increase statistics byIncrease statistics by

ΛΛbb
00→→ ΛΛcc

++ππ-- fromfrom different triggers (~1000)different triggers (~1000)

ΛΛbb
00→→ J/J/ψψ ΛΛ0 0 (∼ 500)(∼ 500)

ΛΛbb
00→→ ΛΛcc

+ + 33ππ
Measure Measure ΔΔm = m = M(M(ΣΣbb

**) ) –– M(M(ΣΣbb) for ) for ““++”” and and ““––””
separatelyseparately
Measure widths Measure widths 
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ConclusionsConclusions
CDF makes fundamental contributions in  bCDF makes fundamental contributions in  b--
spectroscopyspectroscopy
Performing the world most precise Performing the world most precise 
measurements of measurements of ΛΛb b BBcc BBs s BB++ BB00 massesmasses
Discovering new particles:Discovering new particles:

ΣΣbb
±±((∗∗) ) 

→→ΛΛbbππ
BBs1 s1 →→ BB**ΚΚ
BBcc →→ J/J/ψψ ππ

Setting new limits: Setting new limits: 
ηηbb →→ J/J/ψψ J/J/ψψ

And all these with only  THE FIRST fbAnd all these with only  THE FIRST fb--1 1 !!
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BACKUPBACKUP
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ΣΣbb
±±((∗∗))

massesmasses

Using Using m(m(ΛΛbb) = 5619.7) = 5619.7±±1.2(stat) 1.2(stat) ±±1.2(syst)1.2(syst)



Systematic ErrorsSystematic Errors
ParameterParameter TrackingTracking ΛΛb b CompComp.. ΛΛb b Norm.Norm. ΛΛb b ShapeShape reweightreweight Det. Res.Det. Res. ΣΣb b widthwidth TotalTotal

ΣΣbb
-- Q Q 

(Mev/c(Mev/c22))
0.060.06

--0.060.06

0.000.00

--0.030.03

0.0090.009

--0.0020.002

0.0000.000

--0.0110.011

0.040.04

--0.00040.0004

0.00.0

--0.110.11

0.320.32

0.00.0

7.47.4

0.00.0

2.32.3

--1.81.8

14.714.7

0.00.0

4.64.6

--2.92.9

0.00.0

--0.0110.011

0.0090.009

--0.0050.005

0.070.07

--0.070.07

ΣΣbb
+  +  Q Q 

(Mev/c(Mev/c22))
0.060.06

--0.060.06

0.030.03

0.00.0

0.0130.013

--0.0130.013

0.0130.013

0.00.0

0.00.0

--0.0140.014

0.010.01

--0.020.02

0.070.07

--0.130.13

ΣΣbb
**--ΣΣbb Q Q 

(Mev/c(Mev/c22))
0.060.06

--0.060.06

0.050.05

0.00.0

0.140.14

--0.130.13

0.040.04

0.000.00

0.020.02

0.00.0

0.070.07

--0.070.07

0.370.37

--0.160.16

ΣΣbb
-- eventsevents 0.00.0

0.00.0

0.70.7

0.00.0

2.22.2

--2.22.2

0.30.3

0.00.0

0.30.3

0.00.0

3.43.4

--3.43.4

8.58.5

--4.04.0

ΣΣbb
++ eventsevents 0.00.0

0.00.0

3.33.3

0.00.0

2.12.1

--2.12.1

1.21.2

0.00.0

0.30.3

0.00.0

1.81.8

--2.02.0

5.05.0

--3.43.4

ΣΣbb
**-- eventsevents 0.00.0

0.00.0

0.40.4

0.00.0

4.84.8

--4.74.7

0.30.3

0.00.0

0.10.1

0.00.0

1.71.7

--1.71.7

15.615.6

--5.05.0

ΣΣbb
*+*+ eventsevents 0.00.0

0.00.0

7.37.3

0.00.0

4.84.8

--4.84.8

2.82.8

0.00.0

0.20.2

0.00.0

0.80.8

--0.80.8

10.310.3

--5.75.7
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ΣΣbb MotivationMotivation
ΛΛbb only established only established BB baryonbaryon
Enough statistics at Tevatron to Enough statistics at Tevatron to 
probe other heavy baryonsprobe other heavy baryons
Next accessible baryons:Next accessible baryons:
Σb: b{qq}, q = u,d;

JP = SQ + sqq

= 3/2+(Σb
* )

= 1/2+ (Σb )

HQET extensively tested for HQET extensively tested for QqQq systems; systems; 
interesting to check predictions for interesting to check predictions for QqqQqq
systemssystems
Baryon spectroscopy also tests Lattice Baryon spectroscopy also tests Lattice 
QCD and potential quark modelsQCD and potential quark models
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Fit: correlation Fit: correlation coeffcoeff..

Σb
+ peak is small – relies on Σb*- Σb to determine it’s mean value 
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ΣΣbb NN--1 scan1 scan

PT (Σb) > 9.5 GeV/c |d0/σ(d0) | < 3. cos θ∗ > -0.35

signal
background
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Why b baryons?Why b baryons?

BB-- quark discovered in 1977quark discovered in 1977
Wealth of bWealth of b-- mesons is foundmesons is found
Only one bOnly one b-- baryon well established so farbaryon well established so far
Finding and studying bFinding and studying b-- baryons baryons 
completes tests of SMcompletes tests of SM
Systematic expansion of QCD: Heavy Quark Systematic expansion of QCD: Heavy Quark EffEff. Theory:. Theory:
mmcc,m,mbb,m,mtt >>> > ΛΛQCDQCD >> >> mmuu, , mmdd, m, ms  s  ⇒⇒ Heavy Quark SymmetryHeavy Quark Symmetry
Masses and decay rates test HQETMasses and decay rates test HQET
HQET extensively tested for HQET extensively tested for QqQq systems; interesting to systems; interesting to 
check predictions for check predictions for QqqQqq systemssystems
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BBss mass measurementmass measurement

better precision than the better precision than the 
current world overage!current world overage!
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ΛΛbb mass measurementsmass measurements

Observed Observed ΛΛbb decaysdecays: : 
ΛΛbb

00→→ J/J/ψψ ΛΛ00

ΛΛbb
00→→ ΛΛcc

++ππ--

ΛΛbb
00→→ ΛΛcc

++μμ−−ννμμ

better precision than the better precision than the 
current world overage!current world overage!

μ
π-μ

Λb
pΛ

PRL 96, 202001 2006PRL 96, 202001 2006


	Latest results on �b-spectroscopy from CDF �
	Why B spectroscopy?
	What’s new?
	Tools
	Tevatron
	The CDF II detector
	B physics @ Tevatron
	B physics @ CDF: triggers are crucial
	Bs and Lb mass measurements
	Lb Lifetime
	Lb Lifetime vs theory
	Observation of orbitally excited (L=1) Bs** mesons 
	Orbitally Excited BsJ Mesons 
	B+ sample: ~58 000!
	Orbitally Excited Bs-mesons
	Discovery of Bs1
	Observation of Bc  J/y p  and mass measurement of Bc
	Bc±  J/ψ ±
	Bc±  J/ψ ±
	Search for b  J/ψ J/ψ �
	Introduction
	Search for bJ/J/
	Results
	Observation of  new beauty baryons b(*)
	Bottom Baryon States with B=1,C=0,JP = 1/2+, 3/2+ 
	Predictions on b-(*)/b+(*)  properties
	Methodology
	Strategy
	Discriminating variable
	Expected background
	b sample
	b optimization
	Background  Composition
	Corrections to MC samples
	Fitting background
	Detector resolution and signal width
	Sum of Background Fits
	Unblinded Q distribution
	Fitting the signal   
	Fit: values and errors
	Signal significance
	Summary
	Plans
	Conclusions
	BACKUP
	b()  masses
	Systematic Errors
	Sb Motivation
	Fit: correlation coeff.
	b N-1 scan
	Why b baryons?
	Bs mass measurement
	Lb mass measurements

