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Intermediate Silicon Layers

R=150 cm

R=1.4 cm

•New96layerCOT.

σ(pt)/pt=0.003pt

•8Layersof3-DSil-

iconupto|η|=2,

σ(d0)∼20µm

•NewTOFsystem

•NewTrackTriggers

Level1withCOT

Level2withSVXII

pt>1.5GeV/c

|η|<1.0
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RunIISecondaryVertexTrigger
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CharminRunII

Feb’-02charmsignalsreconstructedwithonlineSVTtracks.

]
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DirectCharmProductionRunII

UseimpactparameterofreconstructedcharmmesonsFD(d0)to

distinguishdirectlyproducedcharmfromB→DX,FB(d0)

FromKs→ππdatawefind

FD(d0)=Gaussian+exptails.

FromB→DXMC:

FB(d0)=adoubleexponential.
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DirectCharmProductionX-Sec.
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 THEORY: FONLL
Cacciari, Nason

mc=1.5 GeV
CTEQ6M
D* Fragmentation
fncns from ALEPH
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Theoryupdate:Bproduction

WhenpT>>mb,largeloga-

rithmsoftheratiopT/mbarise

inthecoefficientsofthepertur-

bativeexpansion.Resummation

ofnext-to-leadinglogsmerged

withtheQCDNLOusinga

retunedfragmentationfunction

frommorerecente
+
e
−

data

withNLLappliedCacciari,Nasonhep-ph/0204025(RunIData)

E/T=1.7±0.5(theory)±0.5(expt)

RunII:testcurrenttheorypredictionsatp
min
t<5GeV
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RunIIMuonTriggers

RunIIdimuontriggerhasbeenoptimizedandrunningstablyat

arateof12J/ψs/nb
−1

(|η|<1.0)sinceJan.2002

-1
, (GeV/c) T Inverse Muon P

0.20.40.6
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U Trigger Efficiency
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L1µtriggereff.(|η|<0.6,plat.=98%)pt(J/ψ)GeV/c

RunIIdi-muontriggerfeatures:

•lowerptreach:pt(µ)>1.5(|η|<0.6),2.0(0.6<|η|<1.0)

→pt(Jψ)=0GeV/c→TOTALcross-sections

•Openingangle∆φ>5
0

(was15
0
)→polarization.

LHC2003MaryBishai,FNALPage8



RunIIinclusiveJ/ψXx-sec

CDF Run II Preliminary

2.702.903.103.303.50
M(µµ) GeV/c2
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Width = 24 MeV/c2

300KJ/ψfrom37pb
−1

 CDF Run II Preliminary 
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10-2
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J/ψ Acceptance

Detectoracceptance

CDF Run II Preliminary
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pT(J/ψ) GeV/c
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dσ/dpT (|y|<0.6) . Br(J/ψ→µµ) nb/(GeV/c)Data with stat. uncertainties

Systematic uncertainties

J/ψinclusivex-sec

Firstatahadroncollider!:To-

talJ/ψcross-section:

σ(pp→J/ψX,|y(J/ψ)|<0.6)

×Br(J/ψ→µµ)

=240±1(stat)
+35
−28(syst)nb

LHC2003MaryBishai,FNALPage9



HVQproduction-summary

RunIInewandimprovedtriggers!Largerkinematic

coverageofthedimuontriggers,|η|<1,pt(µ)<1.5GeV/c

(|η|<0.6).Tracktriggers⇒largeSVTb/cyieldsat

pt(l)<6GeV/candpt(track)>2GeV/c.Testtheory

predictionsinadifferentkinematicregion.

MilestonesontheroadtoHVQproduction:Preliminary

measurementsoftotalinclusiveJ/ψandopencharm

x-secs.ExclusiveBmesonsreconstructed.methodsfor

seperationofpromptJ/ψandDfrombsdeveloped.

Preliminarymeasurementsofbproductionx-secsunderway.
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Masses,Lifetimes,Branching
fractions



SVXIIMaterialcalibration

J/ψmass⇒∼10%ofSVXIImaterialunaccountedfor.Need

B-Fieldcorrectionof≈0.1%.

 [MeV/c] ψ  of J/ T

Missing material

p

Raw tracks

Add B scale

Correction for material

in GEANT

0510

] 2
) [M

eV
/c

−
µ +

µ
m

(

3075

3080

3085

3090

3095

3100

3105
slope

]/[GeV/c]
2

[MeV/c

 0.065 ± 0.009 

 0.065 ± 0.022 

 0.065 ± 0.301 

 0.074 ± 1.388 

CDF Run 2 Preliminary

 mass [GeV] µµ
9.09.510.010.511.0

Events/20 MeV

0

100

200

300

400

500
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700

Chi2 / ndf = 43.57 / 52

 13.26 ± p0       = 537.3 

 0.001479 ± p1       = 9.457 

 0.001466 ± p2       = 0.06157 

 8.834 ± p3       = 142.3 

 0.00431 ± p4       = 10.02 

 0.006078 ± p5       = 0.0733 

 84.87 ± p6       = 905.8 

     9 ± p7       = -76.03 

width  = 61.6 [MeV]
 G3XIntegrator 

Chi2 / ndf = 43.57 / 52

 13.26 ± p0       = 537.3 

 0.001479 ± p1       = 9.457 

 0.001466 ± p2       = 0.06157 

 8.834 ± p3       = 142.3 

 0.00431 ± p4       = 10.02 

 0.006078 ± p5       = 0.0733 

 84.87 ± p6       = 905.8 

     9 ± p7       = -76.03 

ParticleMeasuredmassPDG2002mass

Ks497.36±0.05(stat)497.672±0.031

D
0

1864.25±0.06(stat)1864.6±0.5

Υ(1S)9458±1(stat)9460.37±0.21
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Bmesonmasses

RunIBsandΛbworldsbest.Competitivemeasurementsearly.

]
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φ ψ  J/ →s B

ParticleMeasuredmass(GeV/c
2
)PDG2002mass

B
+

5279.32±0.68(stat)±0.94(syst)5279.0±0.5

B
0

5280.30±0.92(stat)±0.96(syst)5279.4±0.5

B
0
s5365.50±1.29(stat)±0.94(syst)5369.6±2.4
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MassDifferenceD
+
s−D

+

Measurementof∆M(D
+
s−D

+
)isinputtotheoverallPDGfit

forallthecharmedmesons.PredictedbyHQETandLattice

QCD.D
±
s,D

±
→φπ,φ→KK

FirstCDFRunIIPubli-
cation!!

EffectSyst.[MeV/c
2
]

fitting0.14

eventselection0.11

momentumscale0.10

Trackereffects0.06

Calibrationprocedure0.03

Total0.21

]
2

 mass [GeV/c π KK
1.801.851.901.952.002.05

2
Entries per 2 M
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+

D
Unbinned likelihood fit projected

m(D
±
s)−m(D

±
)=99.41±0.38(stat)±0.21(syst)MeV/c

2

m(D
±
s)−m(D

±
)=99.2±0.5MeV/c2-PDG2002
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BslifetimeusingBs→J/ψφ

Theratio
τ(Bs)
τ(Bd)testsHeavyQuarkExpansiontheorypredictions.

2
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+
)=1.57±0.07(stat)±0.02(syst)ps
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2

τ(Bs)=1.26±0.20(stat)±0.02(syst)ps

τ(Bs)=1.34±0.23(stat)±0.05(syst)ps-CDFRunI
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BeautyBaryons

LbMass_all1
Entries  684

Mean    5.433

RMS    0.1493

) Mass (Gev) - π+ π
-

K
+

(p
5.25.35.45.55.65.75.8

Events/0.02 Gev
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LbMass
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RMS    0.06795-1
CDF Run 2 PRELIMINARY 65pb

- π 
+
c Λ → b Λ+ π 

-
 K

+
 p → c Λ

 reflection based on MC study
0

Normalized B

Λb→Λcπ≈73events(measureBr)Λb→Λc`X≈600events

-2000-100001000200030004000

1
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10
2

 m) µ ( τ  pseudo c b Λ

 mµ
Events per 200 

Data at signal region

Fit to the data

Background shape

Signal

-1
CDF II Preliminary      Lumi 70 pb

τΛb(ΛcµX)=xxx±0.13(stat)±0.07(syst)ps

τΛb(Λc`X)=1.32±0.15(stat)±0.07(syst)ps-CDFRunI
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CabbibosuppressedDdecay

DecaysofD
0

toCPeigenstatesK
+
K

−
andπ

+
π
−
⇒D

0
mixing

andCPviolation.UsetheπsfromD
∗±

→D0π±
stotagflavor.

]
2

 Invariant Mass [GeV/c π K
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 0.2 MeV/c ± Uncorr. Mean = 1861.6 
2

0.1 MeV/c ± Width = 7.4 
140 ±  = 6720 0

D N

π
0

 D →
*

D
 KK →

0
D

Γ(D0→K+K−)
Γ(D0→Kπ)=9.38±0.18(stat)±0.10(syst)%CDFRunII

Γ(D
0

→K
+

K
−

)/Γ(D
0

→Kπ)=9.93±0.14±0.14%FOCUS2003

Γ(D0→π+π−)
Γ(D0→Kπ)=3.686±0.076(stat)±0.036(syst)%CDFRunII

Γ(D
0

→π
+

π
−

)/Γ(D
0

→Kπ)=3.53±0.12±0.06%FOCUS2003

Acp(D0→KK)=2.0±1.7(stat)±0.6(syst)%

Acp(D0→ππ)=3.0±1.9(stat)±0.6(syst)%
ASM

cp=0.1−1%
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RareFCNCD
0
→µµ

SensitivetophysicsbeyondtheSM(3×10
−13

).SUSYmodels

withR-Parityviolationpredictupto3.5×10
−6

CDF Run II Preliminary

0

25

50
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100

1.81.851.91.95

Mππ (GeV)

events/MeVNormalization mode:
1371 ± 53  D

0
→π

+
π

-

in the mass search window
∫ L dt = 69pb

-1

CMU fiducial

NormalizetoD→ππ
CDF Run II Preliminary

0
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51015
pT (GeV)

pion misID fraction

Pionmisidrate

CDF Run II Preliminary

0

1

2

3

1.81.851.91.95

Mµµ (GeV)
events/M

eV

D
0
→µ

+
µ

-
 Search

0 events in the ±2σ search window

Br(D0→µ+µ−)≤2.4×10
−6

@90%C.L.

Previouslimit≤4.1×10
−6
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b/c-hadronproperties

ParticleMeasuredmassMeV/c
2

B
+

5280.6±1.7(stat)±1.1(syst)

B
0

5279.8±1.9(stat)±1.4(syst)

B
0
s5360.3±3.8(stat)

+2.1
−2.9(syst)

m(D
±
s)−m(D

±
)99.41±0.38(stat)±0.21(syst)

ParticleLifetime

Bs1.26±0.20(stat)±0.02(syst)ps

Λbxxx±0.13(stat)±0.07(syst)ps

DecayBranchingfraction

Br(D
0
→µ

+
µ
−
)≤2.4×10

−6
@90%C.L.

LHC2003MaryBishai,FNALPage19



Studyingtheα,β,γofBPhysics
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Bsmixing(∆ms>>∆md)

P
B

0
s

SS(OS)=1/2τexp(−t/τ)
×[1∓A(∆ms)cos(∆mst)]

RunIlimit:

∆(ms)>5.8ps
−1

@95%CL.

FromBs→φlXν ︸︷︷︸

direction?

RunII

Hadronictrigger

L00andTOF

UseBs→D
(∗)+
snπ ︸︷︷︸

tag

Xs=∆ms/τ(Bs)
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Bshadronic-RunII

Candidate Mass (GeV)
55.15.25.35.45.55.6

even
ts (10 M

eV
/b

in
)

0

20

40

60

80

100

120

140

160

180

   February 26th 2003   CDF Run 2 PRELIMINARY
-1

 4 pb ± 65 

+ π 
-

 D →d B
- π - π 

+
 K →

-
D
 and c.c

 40 events ±   Yield:              413 

 0.002 GeV ±  Uncorr. Mean: 5.271 

 2 MeV ± Sigma:              20 

CompareBd→D
−
πandBu→

J/ψK
+

inTTT⇒triggereff.

understood.NormalizeBsto

Bd→D
−
π,D

−
→Kππ.Bs

yield=40±10events-much

lowerthanexpectedbutmostly

understood.

Candidate Mass (GeV)
55.15.25.35.45.55.6

even
ts (10 M

eV
/b

in
)

0

20

40

60

80

100

120

   February 26th 2003   CDF Run 2 PRELIMINARY
-1

 4 pb ± 65 

Two Track Trigger Only

+
 K Ψ  J/ →u B

-
l

+
 l → ΨJ/

 25 events ±   Yield:             311 

 0.001 GeV ±  Uncorr. Mean: 5.275 

 1 MeV ± Sigma:              14 

Candidate Mass (GeV)
4.64.855.25.45.65.8

even
ts (20 M

eV
/b

in
)

0

5

10

15

20

25

30

35

40

45

   February 26th 2003   CDF Run 2 PRELIMINARY
-1

 4 pb ± 65 

π 
(*)
s  D →s B

π ϕ →s D
 KK → ϕ

s D
*
s D

 10 events ±    Yield:                  40 s D

 5 MeV ± Uncorr. Mean:  5360 
 4 MeV ± Sigma:                20 
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DirectCPVinb→hh→α,γ

DirectCPviolationinB
0
→π

+
π
−

Penguin“pollution”need

B→K
+
K

−
.Expect500B→hh/100pb

−1
.Goalistomeasure

Acp(Bd→π
+
π
−
,K

+
π
−
/Bs→KK,K

−
π

+
/Λ

0
b→p

+
π
−
,p

+
K

−
)
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DisentanglingB→h
+
h−

Differencesinπ−KkinematicsseperateKπ/πKfromππ/KK

decays.ParticleIDseperatesππfromKKandπKfromKπ

Mππversusα=(1−
p1

p2).q1

dE/dx  [ns]

510152025

Num
ber of entries

0

500

1000

1500

2000

2500

3000

3500

π K

CDF RunII Preliminary

π 
0

 D →
*

D
π  K →

0
D

(Pt > 2 GeV/c)

σ separation=1.16

id1,2=
dE/dX(trk1,2)−dE/dX(π)

dE/dX(K)−dE/dX(π)

F=G(Mππ−M(α),σM).P(α)
︸︷︷︸

MC

.G(id1−Eid1,1).G(id2−Eid2,1)

Totallikelihoodfunction:L=
∑6

i=1fi·Fi(α,Mππ)
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CONCLUSION

b/cProductionKeytriggersanddetectorperformanceswell

understood.Preliminarymeasurementsofthedirect

open-charmandtotalinclusivecharmoniumcross-sections

(systematicslimited).

Masses,lifetimes,BRsWorldsbestBsmass,andworlds

largestsamplesofΛbwithONLY65pb
−1

.Currentbestlimit

onFCNCD
0
→µµdecays

CKMmatrixphysics:KeyhadronicsignalsBs→D
(∗)
sπand

B→h
+
h
−

established.Initialrateswithnon-optimized

SVTarelowerthanexpectedbutnowmostlyunderstood.

RecentimprovementsinSVTpatternrecognitionand

SVXIIcoverageandperformance⇒muchlargeryieldsin

thefuture.
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Backupslides

Detectorperformance
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StatusofSVXII

RunNum/1000
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LHC2003MaryBishai,FNALPage27



StatusofL00

Clusteringiswelladvanced.Nowworkingonalignementand

understandingresolution.UsingL1andL002stripclustersto

anchortrackandlookatresidualinSVXIIL0-inferthat

withoutfinalalignmentcurrent2-stripclusterresolutionis

∼11µm(designis8µm).

Entries  369

 / ndf 
2

χ 4.781 / 17

Constant  2.359 ±  35.96 

Mean      0.9086 ±  -0.1667 

Sigma     0.7225 ±  16.42 

microns
-60-40-200204060

events per 4 m
icrons

0

5

10

15
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25
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45

50
Entries  369

 / ndf 
2

χ 4.781 / 17

Constant  2.359 ±  35.96 

Mean      0.9086 ±  -0.1667 

Sigma     0.7225 ±  16.42 

Residual at L0 (best ladder)
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ParticleID:TOFperformance

Rawφ→K
+
K

−

φ→K
+
K

−
+TOF
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Lepton+SVTTracktriggerYields

Byspring(100pb
−1

)CDFwillhaveoneoftheworldslargest

semileptonicBsamplesfromtheinclusiveLepton+SVT.

bdecayExpectedyield

b→`+track3M

(>90%b-purity)

B→`D0X20K

(B
±

enhanced)

B→`D
∗±
X10K

(B0enhanced)

Bs→`DsX1K

Λb→Λc`ν1K

LHC2003MaryBishai,FNALPage30



SVXII=LotsofMaterial

FromcomparisontoGEANTMC,wefindwearestillmissing

∼10%oftheSVXIImaterialinthesimulation.
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Backupslides

HVQProductionTheory
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BasicsofHVQProductioninpp̄

Twoleadingorderperturbative

processes:

σ̂(gg→Q1Q̄1)

σ̂(gg→Q2Q̄2)
s→∞
→1−

log(m2
1/m2

2)

log(s/m2
2)

σ̂(qq̄→Q1Q̄1)

σ̂(qq̄→Q2Q̄2)
s→∞
→1−O(m

4
1/ŝ

2
)

HadronicstatesneedPDFs:

dσ

dydȳdp2
T

∝
1

m4
T

1

[1+cosh(y−ȳ)]2

×
∑

i,j

x1fi(x1)x2fj(x2)

×
¯

∑

|M(ij→QQ̄)|
2

Fragmentation⇒FShadrons
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Quarkoniaproduction-Theory

Quarkoniaboundstatesarenon-relativistic.NRQCDLO

perturbativeexpansionisO(α
3
sv

0
)asinthecolorsingletmodel

(CSM)+higherorderO(α
3
sv

4
).Fragmentationprocesses∝

coloroctetmatrixelementdominate.

DirectJ/ψproduction(RunI)ψ
′
production(RunI)

Atlowpt,non-fragmentationdiagramsfromotheroctetmatrix

elementsareimportant,softgluoneffectscauseratestodiverge.
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Theory:BFragmentationfunctions

Non-perturbativefragmentationfunctionsforBmesonsare

extractedfromLEPdatausing3differentparameterizations.

AppliedtoLOandNLOQCDwithM̄Sfactorization.⇒good

agreementwithCDFRunIdataonBmesoncross-section.

UsingtheNRQCDfactorizationscheme:⇒goodagreement

withCDFRunImeasurementofJ/ψcross-sectionfromB.

Binnewies,Kniehl,Kramerhep-ph/9802231(RunI)hep-ph/9901348(RunI)
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bProduction-RunII

Transverse momentum of parent b-hadron and J/ψ

05101520
pt(J/ψ) GeV/c

0

5

10

15

20

pt(b-hadron) G
eV

/c

 ct [cm] ψ J/
-0.2-0.10.00.10.20.3

m
µ

C
a

n
d

id
a

te
s / 1

2
.5

 

1

10

10
2

10
3

Total Fit

 Contribution ψJ/

Background Contribution

CDF Run 2 Preliminary

Signal Region Events

RunII:pt(J/ψ)∼1.5GeV⇒pt(B)∼0!Extractinclusive

b-hadroncross-sectionfromb→J/ψXusinglongblifetime
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Λbandheavybaryonlifetimes

Thedominantsourceoflifetimedifferencesbetweenb-flavored

hadronsareweakinteractionsbetweentheb-quarkandthelight

valencequarkoftheorder16π
2
(Λ̄/mb)

3
=O(5−10%)in

HQETexpansionswhereΛ̄=MHb−mb.Thelifetime

differenceofb-hadronsthereforetestsHQETexpansionsatthe

thirdorder.

Expect
τ(Λb)
τ(Bd)∼0.9butmeasure

τ(Λb)
τ(Bd)=0.78±0.05.

WillnewNLOQCDcalculationsexplainthedifferencebetween

theoryandexpt.?

LHC2003MaryBishai,FNALPage37



Backupslides

CKMphysics
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FlavorTagging

TagBflavoratproduction:.
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RUNIIsin2β

Dilution=
NRighttags−Nwrongtags

NRighttags+Nwrongtags

A
observed
cp=DA

true
cp

σ(sin2β)∼1/
√

ε ︸︷︷︸

tagefficiency

D2Ntot

TagRUNIεD2RUNIIεD2

JetQ3.0%3.0%

SLT1.7%1.7%

SST(π,K)(1.4%,1.0%)(1.9%,4.2%)

OS(K)-2.4%

Total(Bd)6.1%9.0%

RUNI

sin(2β)=0.91
+0.37
−0.36
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Measuringsinγ

ΓB0
s→D

∓
sK±(t)=Ae

−t
[1±Rcosxst±

√
1−R2sin(xst)sin(δ+γ)]

B
0
s→D

∓
sK

±
expectedyield

andbackgrounds:

DsπD
∗
sKD

∗
sπ
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Measuringsinγ

Expectederroronsin(δ+γ)
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Bdmixingandmeasuringsin2β

B(B̄)→l
±
X,D

∗∓
l
±
ν,l

±
+jet

A(t)=
Unmixed(t)−Mixed(t)

Unmixed(t)−Mixed(t)

=cos(∆md
︸︷︷︸

Mheavy−Mlight

t)

IfBB̄mixANDdecaytothesamefinalstate⇒/CP

ACP=
N(B̄→f)−N(B→f)

N(B̄→f)+N(B→f)
=sin(2β)sin(∆mdt)
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D
0
Mixing

(a)Lifetimedifferencebetween

CPandnon-CPfinalstates

y≡
∆Γ

2Γ
=

τKπ

τKK,ππ

−1

y<10
−5

(b)Mixinginwrongsign

hadronicdecays=oscillations.

Expectationfor100pb
−1

.Belle/BaBaryield=1M/100fb
−1

:

ModeYield

D0→K
−
π+1M

D0→K+K−
100K

D0→π+π−30K

D0→K+π−(DCS)1K
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AcpinBs→J/ψφandBs→D
+
sD−

s

MeasuresweakphaseofVtswhichis

verysmallinSM.Evidenceforanoma-

lous/CPphasesifasymmetryisob-

served.Bs→D
−
sπ

+
is∼(50:50)CP

evenandodd,Bs→J/ψφismixed,

Bs→D
+
sD

−
sisCPeven.

2
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35φ ψ  J/ → s  B
CDF Run II Preliminary

-1
L = 70 pb

9 signal ± 55
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