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• collisions at 1.96 TeVcollisions at 1.96 TeV

•• Excellent Performance Excellent Performance 

•• PeakPeak Initial Initial Luminosity recent record:Luminosity recent record: 3.153.15
x 10x 1032 32 cmcm--2 2 ss--11

•• Challenge for Detectors, Triggers andChallenge for Detectors, Triggers and
ReconstructionsReconstructions

pp

•• The analyses presented in thisThe analyses presented in this
talk span from 1.35 to talk span from 1.35 to 2.8 fb2.8 fb--11

•• Currently on tape Currently on tape > 3.5> 3.5 fbfb--11

•• Plan to accumulate up 6 fbPlan to accumulate up 6 fb--11 in in 
2009, 8 fb2009, 8 fb--11 possible if 2010 possible if 2010 
extension approvedextension approved

•• x4 x4 –– x5 current datasetx5 current dataset
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Cross section of O (Cross section of O ( b) in b) in 
typical detector acceptancetypical detector acceptance
Pair produce (uncorrelated) all Pair produce (uncorrelated) all 
sort of bsort of b--hadrons (Bhadrons (Bu,du,d, B, Bss, B, Bcc, , 

bb……) ) 
Significant Lorentz Boost: Significant Lorentz Boost: 
<< > = P> = Pbb/M/Mbb~ 2~ 2
Hadronic enivronment : Hadronic enivronment : 

(pp)(pp)tottot= 60 mb= 60 mb
Multi purpose detectorMulti purpose detector

Cross section of O (nb)Cross section of O (nb)
Pair produce (correlated) only Pair produce (correlated) only 
BBu,du,d,    B,    Bss only at Y(5S) only at Y(5S) 
Small and fixed Lorentz Boost: Small and fixed Lorentz Boost: 

= 0.425 (Belle/KEK= 0.425 (Belle/KEK--B)B)
Extra clean enivronment and Extra clean enivronment and 
dedicated detectorsdedicated detectors
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CDF II Detector

• Tracker:  Tracker:  -- Silicon Vertex DetectorSilicon Vertex Detector
-- Drift ChambersDrift Chambers

•• Excellent Momentum ResolutionExcellent Momentum Resolution
•• Particle IDParticle ID: TOF and : TOF and dE/dxdE/dx

•• MuonMuon Coverage (Trigger) |Coverage (Trigger) | |<1|<1
•• Displaced vertex trigger (SVT)Displaced vertex trigger (SVT)

D Detector

• New L00New L00 installed in 2006!installed in 2006!

•• Solenoid: 2T, Solenoid: 2T, weekly reversed  polarityweekly reversed  polarity

•• Excellent Calorimetry and electron IDExcellent Calorimetry and electron ID

•• MuonMuon Coverage (Trigger)Coverage (Trigger) 22< .||
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Cannot overCannot over--enphasizeenphasize
Physics analysis at colliders start from triggering Physics analysis at colliders start from triggering 
the data!the data!
BB--physics program at CDF/Tevatron practically physics program at CDF/Tevatron practically 
run off the:run off the:

Displaced track triggerDisplaced track trigger
Track reconstruction at Level1Track reconstruction at Level1
Silicon Vertex Tracker at Level2  Silicon Vertex Tracker at Level2  
Kinematic selection Kinematic selection select hadronic Bselect hadronic B--decaysdecays

DiDi--muon trigger muon trigger 
Two identified muon identified at L1/L2/L3Two identified muon identified at L1/L2/L3
Select inculusive bbbar events and events with J/psiSelect inculusive bbbar events and events with J/psi
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CDF:CDF:
didi--muonmuon triggered triggered 
datadata

Two Two rapidity rapidity 
ranges: ranges: CMUCMU
|| |< 0.6, CMX 0.6 |< 0.6, CMX 0.6 
< |< | | < 1| < 1

ppTT(( )> 1.5 or )> 1.5 or 
2.02.0 GeV/cGeV/c

DDØØ::
Similar thresholdsSimilar thresholds

Greater rapidity acceptanceGreater rapidity acceptance

B search regionB h search region

Bs J/

ASL
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Online
Track
Impact
Param.

35 m 33 m
resol beam

47 m

Primary 
Vertex

Secondary 
Vertex

BDecay Length

Lxy

Lxy 450 m

PT(B) 5 GeV

d = impact parameter

Triggering on displaced vertex at CDF Triggering on displaced vertex at CDF 
using SVT, main novelty in Run I I , the using SVT, main novelty in Run I I , the 
hallhall--mark of CDF Run I I physics mark of CDF Run I I physics program:program:

Discovery of BDiscovery of Bss mixingmixing
CharmlessCharmless decaysdecays

BB discoverydiscovery

The necessary tool toThe necessary tool to get fully get fully 
reconstructed decays reconstructed decays hadronic b decays hadronic b decays 
usefuluseful for mixing (and other good stufffor mixing (and other good stuff……))

Main Trigger requires: 
2 opposite charge tracks,  
Pt 2 GeV/c, 
impact parameter |d0| > 120 µm 
Scalar pt sum > 5.5 GeV/c
Projected decay length Lxy > 200 µm
2° < < 90°

Add a dynamically prescaled LOWPT trigger with 
no opposite charge and no Pt sum to fill available 
bandwidth at low luminosity
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All three types of CP violation can be tested at All three types of CP violation can be tested at 
Tevatron:Tevatron:

Direct CP violation in beauty (and charm!) decaysDirect CP violation in beauty (and charm!) decays

CP violation through interference of mixing and CP violation through interference of mixing and 
decays in Bdecays in Bss J/J/

CP violation in mixing (semileptonic asymmetry)CP violation in mixing (semileptonic asymmetry)

Highlight result for the BHighlight result for the Bss sector in the following sector in the following 
(but B(but Bd,ud,u result are as good or better than at Bresult are as good or better than at B--
factories for several channels)factories for several channels)
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d,sd,s

Tree Tree –– Penguin amplitudes may generate sizeable direct Penguin amplitudes may generate sizeable direct 
CP violationCP violation
Sensitive to CKM angle Sensitive to CKM angle 
Theory predictions uncertain (strong phases)Theory predictions uncertain (strong phases)
Useful combining BUseful combining Bdd and Band Bss to test/use flavour to test/use flavour 
symmetries (Usymmetries (U--spin, SU(3) etc. ) spin, SU(3) etc. ) 
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d,sd,s
Large signal selected through the Large signal selected through the 
displaced track triggerdisplaced track trigger
Superposition of BSuperposition of Bdd KK , B, Bdd , , 
BBss KK, BKK, Bss KK + + bb(p(p /K)/K)
Need multidimensional unbinned Need multidimensional unbinned 
likelihood fit to kinematics + dE/dx likelihood fit to kinematics + dE/dx 
information to disentangle various information to disentangle various 
componentcomponent
Signal yield and resolution comparable Signal yield and resolution comparable 
to Bto B--factories (with 1 fbfactories (with 1 fb--11 of Tevatron of Tevatron 
data)data)
High precision measurementHigh precision measurement::

CPV in BCPV in Bdd KK AACPCP== --0.0860.086±±0.0230.023±±0.006 0.006 
(4050 ev.)(4050 ev.)

Compare to: Compare to: 
Babar Babar AACPCP== --0.1070.107±±0.018 +0.007 0.018 +0.007 --0.004 0.004 
(4400 ev.)(4400 ev.)
Belle  Belle  AACPCP== --0.0860.086±±0.0180.018±±0.008  (4100 ev.)0.008  (4100 ev.)

Systematics/detector asymmetries kept Systematics/detector asymmetries kept 
under control using also huge samples under control using also huge samples 
of kinematically similar Dof kinematically similar D00 hhhh’’ decaysdecays
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bb
Observation of charmless Observation of charmless bb decays:decays:

First hints of DCPV in barion decays (2First hints of DCPV in barion decays (2 )?)?

)(05.0)(17.003.0)p( syststatpA bCP

)(03.0)(17.037.0)( syststatpKA bCP
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CPCP ss
++ --

CDF has 1300 BCDF has 1300 Bss events events 
in 1fbin 1fb--11

Expect 25 Expect 25 m in m in BBss
lifetime determination (measure lifetime determination (measure 

L L in SM)in SM)
May reach O(30%) ACPMay reach O(30%) ACPmixmix at at 
the end of Run I Ithe end of Run I I

Fleischer:0705.1121 [hep-ph]

(CDF)

ct (cm)
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±± ±±

SignificantSignificant number of Bnumber of B±± DKDK±± events events 
(this analysis ~ 120 B(this analysis ~ 120 B DDCPCPK events)  K events)  
Cabibbo suppressed DCabibbo suppressed D00 decays (CP+ ) decays (CP+ ) 
firmly established: kinematics + PID firmly established: kinematics + PID 
separation, resolution as Bseparation, resolution as Babar/Belleabar/Belle

CDF contributing to CDF contributing to 
““ ”” via GLW method, via GLW method, 
now looking also for now looking also for 
double Cabibbo double Cabibbo 
suppressed Dsuppressed D00

modes for ADS modes for ADS 
methodmethod

Belle 90 ev.

arxiv:0804.2063
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Flavor Flavor eigenstateeigenstate Hamiltonian Hamiltonian eigenstateeigenstate
transitiontransition between meson and antibetween meson and anti--meson meson existsexists

Simplified Simplified SchroedingerSchroedinger equation describing mixing and decayequation describing mixing and decay
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The mass and lifetime The mass and lifetime eigenstateseigenstates (with (with 1212/M/M1212 < < 1)< < 1)
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1212 ss
Oscillation observed at CDF in 2006 Oscillation observed at CDF in 2006 
with 1fbwith 1fb--11 of data of data 

mmss known with great precision:known with great precision:

)((exp)0007.02060.0
||

||

07.0)(10.077.17

0081.0
0060.0-

1-

theor
V

V

psstatm

ts

td

s

33 significance (stat. only)  significance (stat. only)  
obtained at Dobtained at DØØ (2.4 fb(2.4 fb--11))

DDØØ note 5618:note 5618:

Consistent with CDF resultConsistent with CDF result

Comparision with SM prediction Comparision with SM prediction 
limited by lattice QCD uncertainty!limited by lattice QCD uncertainty!

1-)(30.0)(90.053.18 pssyststatms
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•• In the SM phase of the mixing amplitude In the SM phase of the mixing amplitude 
connected to the phase of CKM elements:connected to the phase of CKM elements:

MM=arg(VtbVts*)=arg(VtbVts*)22

•• In the Wolfenstain Parametrization (expandingIn the Wolfenstain Parametrization (expanding
in terms ofin terms of =sin(=sin( cc)~0.23 to O()~0.23 to O( ))

•• responsible for CP Violationresponsible for CP Violation 0 0 
implies CPVimplies CPV

Standard Model does not predict values for CKM elements:

CKM hyerarchy implies small CP violation in Bs mixing

( )

( )  O 6

42423

224252

342

CKM +
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+Ai1(1[A

A)A4+1(
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Large CPV Suppressed CPV
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• Phase of the mixing amplitude is
poorly determined

• Both are needed to constrain New Physics:

sM 2i
12

i
1212 e|M|=e|M|=M ß-F

Large value of CP Violation phase M
is a clear sign of New Physics!

ss

MSM

MNP

MSM+MNP

Re M12

Im

•New Physics could likely contribute to 
B=2 transitions 

•CKM fit including ms/ md 
(unfortunately) very successful

•But the picture is not complete until also 
the phase has been constrained

j
NB: CDF and DØ use different notations   2 s(CDF) = - s(DØ)
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ss
CP violation in interference of CP violation in interference of 
decay with/without mixing in Bs decay with/without mixing in Bs 
decays to CP eigenstate final statedecays to CP eigenstate final state

sin2sin2 analoganalog

Contrary to the sin2Contrary to the sin2 case Bcase Bs s mixes mixes 
much faster much faster cannot show still cannot show still 
the asymmetry graficallythe asymmetry grafically

““SignalSignal”” appears as a time and CP appears as a time and CP 
dependent modulation of the dependent modulation of the 
exponential decayexponential decay

In the SM the modulation is In the SM the modulation is 
extremely tiny, the figure is extremely tiny, the figure is 
exageratedexagerated

Imperfect Tagging and Imperfect Tagging and 
experimental resolution on proper experimental resolution on proper 
time makes life very hard time makes life very hard 

(typical dilution but no proper time (typical dilution but no proper time 
smearing here)smearing here)

J/J/ is a mixture of CP eigenstate is a mixture of CP eigenstate need to be statistically separated need to be statistically separated 
through angular analysisthrough angular analysis
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1 Reconstruct decays from stable products:

• Bs J/ [ + -] [K+K-]

• Bd J/ [ + -] K*0[K+ -]  (control sample)

2. Measure lifetime ct = mB * Lxy/pT
•Proper time resolution essential to resolve 
oscillations

3. Measure decay angles in transversity base:

4. Identify  at production time:

•Flavor Tagging (Tag decision )

5. Perform maximum likelihood fit:

• Likelihood in m, ct,  w , 

ss BB /
),F,( TTw
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Signal Candidates:

•~2000 in 1.35 fb-1 (Tagged analysis)

•~2500 in 1.7 fb-1 (Untagged analysis) 

S/B~2

Signal Candidates:

•~2000 in 2.8 fb-1 (Tagged analysis)

S/B~0.5
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• Bs decays into admixture of CP eigenstates (L=0,2 CP even; L=1 CP odd); 
3 independent decay amplitude

•Using transverse polarization basis: A0, A// CP even ; A CP odd

interference terms allow sensitivity to CP violation in untagged (or 
poorly tagged) sample

• fi (i=1,…,6) encode the different angular distributions
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wfUAAwfTA

wfTAwfTA
wdtd

wtPd CP conserving strong 
phases

)arg(d 0
*
|||| AA

)arg(d 0
* AA

• Decay rate is a function of time, decay angles                             , initial Bs
flavor and parameters s, s

),F,( TTw
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Sensitivity to |sin(2 s)| remain in 
CPeven -CPodd interference terms 
in triple differential decay rate

CP conserving strong 
phases

)arg(d 0
*
|||| AA

)arg(d 0
* AA

Terms with ms dependence
flip sign with initial Bs flavor

Disappear summing Bs+Bs

(untagged strategy)
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Lifetime:


