
Recent  bRecent  b--physics physics 
results from CDFresults from CDF

Elena Vataga (Univ. of New Mexico)Elena Vataga (Univ. of New Mexico)
On behalf of the CDF CollaborationOn behalf of the CDF Collaboration

PHENO 07 PHENO 07 –– May 7May 7thth 20072007



E. Vataga 2PHENO 07 - Recent results on b-physics from CDF

OutlineOutline

Introduction: Introduction: 
Experimental challengesExperimental challenges

Recent Results covered hereRecent Results covered here
Rare B decays (Rare B decays (BBs,ds,d →→ μμμμ, B, Bss →→ μμφμμφ ))
Measurement of BMeasurement of Bs s oscillation frequencyoscillation frequency
ΛΛbb llifetime measurementsifetime measurements
B Spectroscopy B Spectroscopy 

SummarySummary
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B physics @ B physics @ TevatronTevatron

Pro:Pro:
Enormous crossEnormous cross--section: section: 
~50 ~50 μμbb, , reconstructablereconstructable: : 
33÷÷5 5 μμbb
All species of bAll species of b--hadrons: hadrons: 
BBuu BBdd BBss BBcc ΛΛbb ΣΣbb

ControContro::
QCD background QCD background ×10×1033 larger than larger than 
σσ((bbbb) ) 
Collision rate ~1MHz Collision rate ~1MHz tape tape 
writing limit ~100 Hzwriting limit ~100 Hz
Soft Soft ppTT(B(B) spectrum (~10 ) spectrum (~10 GeV/cGeV/c))
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B physics @ CDF: triggers are crucialB physics @ CDF: triggers are crucial

Trigger configurations:Trigger configurations:
1.1. DiDi--muonmuon

2.2. Lepton plus displaced trackLepton plus displaced track

3.3. 2 displaced tracks2 displaced tracks

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

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

B→hh

BR~10BR~10--55 visible with just trigger visible with just trigger 
confirmation !confirmation !

B μμ search 
region

B μμh search 
region
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Rare B decaysRare B decays
indirect search for new Physicsindirect search for new Physics

BB →→ μμμμ

B B →→ μμμμhh



E. Vataga 6PHENO 07 - Recent results on b-physics from CDF

BBs(ds(d))→μμ→μμ
Motivation:Motivation:

SMSM Br(BBr(Bss→μμ→μμ) ~ 3.5 x 10) ~ 3.5 x 10--99

Sizeable Sizeable New Physics EnhancementNew Physics Enhancement
predicted in many scenariopredicted in many scenario

Method:Method:
Measure the rate of Measure the rate of BBs(ds(d))→μμ→μμ decays decays 
relative to relative to B→J/ψK mode
Apply the same trigger/selection criteria 
⇒ reduce systematicreduce systematic

9.8 x 109.8 x 1077

B eventsB events
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Search ResultsSearch Results
Branching Ratio LimitsBranching Ratio Limits

BB00
ss searchsearch BB00

dd searchsearch

1.271.27±±0.370.37 11 2.452.45±±0.400.40 22

Expect.Expect. ObsObs.. Expect.Expect. Obs.Obs.

< 2.3< 2.3··1010--88(3)(3)< 8.0< 8.0··1010--88(10)(10)780 pb780 pb--11

BRBR ((BBdd μμ++μμ−−))

90% (95%) C.L.90% (95%) C.L.
BR (BR (BBss μμ++μμ−−))

90% (95%) C.L.90% (95%) C.L.
Int. Int. LumLum..

•• Construct a Likelihood Ratio LConstruct a Likelihood Ratio LRR with with 
three discriminating observables.three discriminating observables.

•• Optimize LOptimize LRR cut on the expected cut on the expected 
upperupper limitlimit
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Projected SensitivityProjected Sensitivity

Current values entering the 
10-8 territory
Ongoing efforts to 
improve sensitivity of the 
analyses
Any signal at the 
Tevatron will be 
evidence of New Physics
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Search for BSearch for B(+) (+) →→ μμ++μμ-- hh(+)(+) ((b b →→ s s llll ))
BBdd and Band B++ modes established at Bmodes established at B--factoriesfactories

BR BR (B(B++ →→ μμμμ KK++)=)=0.340.34+0.19+0.19
--0.14 0.14 x 10x 10--66 (PDG 06)(PDG 06)

BR BR ((BBdd →→ μμμμ KK00*)=*)=1.221.22+0.38+0.38
--0.32 0.32 x 10x 10--66 (PDG 06)(PDG 06)

TevatronTevatron:: BBss→→ μμφμμφ decaysdecays
Sensitive to New PhysicsSensitive to New Physics via decay via decay 
rates and decay kinematicsrates and decay kinematics
BR(BBR(Bss →→ μμφμμφ)=1.6x10)=1.6x10--66

Method: normalize each signal to analogous Method: normalize each signal to analogous 
BB→→J/J/ψψh (h (J/J/ψ→ψ→μμμμ) ) 
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BR (BR (BB→→μμμμhh) ) 

Good agreement & similar uncertainty with BGood agreement & similar uncertainty with B--factories in factories in μμμμhh

BR(BBR(B++ μμμμKK++) = [) = [0.72 0.72 ±± 0.15(stat.) 0.15(stat.) ±± 0.05(sys.)]x100.05(sys.)]x10--6   6   (45 (45 evev.).)
BR(BBR(B00 μμμμK*) = [K*) = [0.82 0.82 ±± 0.31(stat.) 0.31(stat.) ±± 0.10(sys.)]x100.10(sys.)]x10--6   6   (20 (20 evev.).)
BR(BBR(Bss μμφμμφ) ) < 2.4 x10< 2.4 x10--6 6 @ 90% C.L.@ 90% C.L.



BBss--BBss OscillationsOscillations
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BBss mixing: Methodmixing: Method

jet charge

Ingredients to measure mixing:Ingredients to measure mixing:
•• Proper decay time ct, B rest frameProper decay time ct, B rest frame
••B flavor at production, flavor taggingB flavor at production, flavor tagging
••B flavor at decay, final stateB flavor at decay, final state
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Data Samples: Data Samples: hadronichadronic vsvs
semileptonicsemileptonic

HadronicHadronic decays: decays: 87008700
BBss→→DDssππ((ππππ))
great ct, mass resolutiongreat ct, mass resolution
small branching ratiosmall branching ratio

SemileptonicSemileptonic: : ~61500~61500
BBss→→ ll DDss XX
large branching ratiolarge branching ratio
inferior ct, mass inferior ct, mass 
resolution resolution 
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BBss mixing: Resultmixing: Result

5.4 5.4 σσ

( 2.83 THz )( 2.83 THz )

Sensitivity 31.3 psSensitivity 31.3 ps--11

CombinedCombined

with with ΔΔmmdd



Lifetime Lifetime 
measurementsmeasurements
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ΛΛbb LifetimeLifetime
Going back to first measurements at LEP, Going back to first measurements at LEP, 
ττ((ΛΛbb)) has been low compared to HQET has been low compared to HQET 
expectations.expectations.

For For ττ((ΛΛbb)/)/ττ(B(B00)), early theory predictions , early theory predictions 
(~0.94) and experiment differed by more (~0.94) and experiment differed by more 
than 2than 2σσ ⇒⇒ ""ΛΛbb lifetime puzzle“lifetime puzzle“
Current NLO QCD + 1/Current NLO QCD + 1/mmbb44 calculation:calculation:
ττ((ΛΛbb)/)/ττ(B(B00) = 0.86 ± 0.05) = 0.86 ± 0.05
consistent w/HFAG 2005 world consistent w/HFAG 2005 world avgavg::
ττ((ΛΛbb)/)/ττ(B(B00) = 0.803 ± 0.047) = 0.803 ± 0.047
Experimental sensitivity dominated by Experimental sensitivity dominated by 
semileptonicsemileptonic ΛΛbb measurementsmeasurements

Measured with fully reconstructed Measured with fully reconstructed 
ΛΛbb J/J/ψψ ΛΛ00 decaydecay

τ(Λτ(Λbb) = 1.551 ± 0.019 (stat.) ) = 1.551 ± 0.019 (stat.) ±± 0.011 (0.011 (systsyst.) .) psps
τ(Λτ(Λbb)/)/τ(Βτ(Β00) = 1.018 ± 0.062 (stat.) ) = 1.018 ± 0.062 (stat.) ±± 0.007 (0.007 (systsyst.).)
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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 world averageAs precise as world average

~ 3 ~ 3 σσ different though!different though!



SpectroscopySpectroscopy
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Sample Sample ΛΛbb→→ΛΛccππ

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]

Reflections 

Largest  in Largest  in 

the World!   the World!   

•• 3000 3000 ΛΛbb signal eventssignal events

•• ~ 6 times larger than J/~ 6 times larger than J/ψ Λψ Λ

•• Lifetime measurement in progressLifetime measurement in progress
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Observation of Observation of ΣΣbb
((∗∗))→→ ΛΛbb ππ

•• bb--quark discovered in 1977quark discovered in 1977

•• Wealth of bWealth of b--mesons is foundmesons is found

•• Only one bOnly one b--baryon baryon ΛΛbb in PDG 2006in PDG 2006

• Found 4 Found 4 ΛΛbbππ resonances consistent with resonances consistent with 
lowest lying charged lowest lying charged ΣΣbb states states 

• significance > 5significance > 5σσ
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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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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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New particlesNew particles::
X(3872),  BX(3872),  B** …** …

Mass measurements:Mass measurements:
BBcc, , ΛΛbb, B, Bss, …, …

Rare decays:Rare decays:
DD00 μμ++μμ−− , , ……

Production properties:Production properties:
σ(σ(bb), ), σ(σ(JJ/ψ/ψ), σ(), σ(DD00), …), …

CP Violation:CP Violation:
Acp(BAcp(B hh),hh),

Acp(DAcp(D00 Kp), Kp), ……

BBss mixing phase mixing phase ((φφss))

More info onMore info on

wwwwww--cdf.fnal.govcdf.fnal.gov

Topics Not CoveredTopics Not Covered

Bs Bs lifetime differencelifetime difference

((ΔΓΔΓss))
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ConclusionsConclusions

The The BB program at the program at the TevatronTevatron has been an has been an 
incredibly fruitful endeavor.incredibly fruitful endeavor.
The program is complementary to and The program is complementary to and 
competitive with competitive with ee++ee−− BB factoriesfactories
We expect several fbWe expect several fb−−11 by the end of the Run II.by the end of the Run II.
With more data more precision measurements With more data more precision measurements 
and new discovery potentialand new discovery potential
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BACKUPBACKUP
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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=2.4 fb=2.4 fb--11

Good for bGood for b--physicsphysics on tape on tape ∫∫LdtLdt=1.6 fb=1.6 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%



E. Vataga 28PHENO 07 - Recent results on b-physics from CDF

SM Precision measurements SM Precision measurements ⇒⇒
indirect search for new Physicsindirect search for new Physics
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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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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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HadronicHadronic samplesample
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