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Central Hadron Calorimeter

Central Muon (CMU)

(COT)

(CHA)

(PHA)

(WHA)EM Calorimeter (CEM)

Intermediate Silicon Layers

R=1.4 cm

R=150 cm

² New central tracker
w/ 96 layers

² 8 Layers of 3-D Sil-
icon up to j´ j = 2,
¾(d0) » 20¹m

² New TOF system

² Track Triggers at
Level 1 (Central
tracking) and Level
2 (Si tracking) with
pt > 1:5 GeV/c
j´ j < 1:0
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Run I I Secondary Vertex Trigger
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Charm in Run I I
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Direct Charm Pro duction Run I I

Use impact parameter of reconstructed charm mesonsFD (d0) to
distinguish directly produced charm from B ! DX , FB (d0)
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From K s ! ¼¼data we ¯nd
FD (d0) = Gaussian+ exp tails.
From B ! DX MC :
FB (d0) = a doubleexponential.
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Direct Charm Pro duction X-Sec.
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 THEORY: FONLL
Cacciari, Nason

mc=1.5 GeV
CTEQ6M
D* Fragmentation
fncns from ALEPH

CDF Run II Data
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 Meson Differential Cross Section+D
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 Meson Differential Cross Section+D*

)  [GeV/c]
+
s(DTp

5 10 15 20

  [
nb

/G
eV

/c
]

T
)/d

p
+ s

(Dsd

1

10

10
2

10
3

)  [GeV/c]
+
s(DTp

5 10 15 20

  [
nb

/G
eV

/c
]

T
)/d

p
+ s

(Dsd

1

10

10
2

10
3

CDF Run II preliminary

 Meson Differential Cross Section+
sD

E=T = 1:7 ¡ 1:9(low pt ) and E=T = 1:3 ¡ 1:4(high pt )
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Theory up date: B pro duction

When pT >> mb, large loga-
rithms of the ratio pT =mb arise
in the coe±cients of the pertur-
bative expansion. Resummation
of next-to-leading logs merged
with the QCD NLO using a
retuned fragmentation function
from more recent e+ e¡ data
with NLL applied Cacciari, Nason hep-ph/0204025 (Run I Data)

E=T = 1:7 § 0:5(theory) § 0:5(expt)

Run I I: test curren t theory predictions at pmin
t < 5 GeV
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Run I I Muon Triggers

Run II dimuon trigger hasbeen optimized and running stablyat
a rate of 12 J=Ãs / nb¡ 1 (j´ j < 1:0) since Jan. 2002
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Run I I di-m uon trigger features:

² lower pt reach: pt (¹ ) > 1:5(j´ j < 0:6); 2:0(0:6 < j´ j < 1:0)
! pt (JÃ) = 0 GeV/c ! TOTAL cross-sections

² Opening angle¢ Á > 50 (was 150) ! polarization.
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Run I I inclusiv e J=ÃX x-sec

CDF Run II Preliminary
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J=Ã inclusive x-sec

First at a hadron collider !: To-
tal J=Ã cross-section:
¾(pp ! J=ÃX ; j y(J=Ã) j< 0:6)
£ Br (J=Ã ! ¹¹ )

= 240§ 1(stat)+35
¡ 28(syst) nb
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HV Q pro duction - summary

Run I I new and impro ved triggers ! Larger kinematic
coverageof the dimuon triggers, j´ j < 1, pt (¹ ) < 1:5 GeV/c
(j´ j < 0:6). Track triggers ) large SVT b/c yields at
pt (l) < 6GeV=c and pt (tr ack) > 2GeV=c. Test theory
predictions in a di®erent kinematic region.

Milestones on the road to HV Q pro duction: Preliminary
measurements of total inclusive J=Ã and open charm
x-secs.Exclusive B mesonsreconstructed.methods for
seperation of prompt J=Ã and D from bs developed.
Preliminary measurementsof b production x-secs underway.
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Masses,Lifetimes, Branching
fractions



SVXI I Material calibration

J=Ã mass)» 10% of SVXII material unaccounted for. Need
B-Field correction of ¼ 0:1% .
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width  = 61.6 [MeV]
 G3XIntegrator 

Chi2 / ndf = 43.57 / 52

 13.26 ±p0       = 537.3 
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Particle Measuredmass PDG 2002mass

K s 497:36§ 0:05(stat) 497:672§ 0:031

D 0 1864:25§ 0:06(stat) 1864:6 § 0:5

¨(1 S) 9458§ 1(stat) 9460:37§ 0:21
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B meson masses

Run I Bs and ¤ b worlds best. Competitive measurementsearly.
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B + ! J=ÃK + B 0 ! J=ÃK ¤0 B 0
s ! J=ÃÁ

Particle Measuredmass(GeV/c 2) PDG 2002mass

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
s 5365:50§ 1:29(stat) § 0:94(syst) 5369:6 § 2:4
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Mass Di®erence D +
s ¡ D +

Measurement of ¢ M (D +
s ¡ D + ) is input to the overall PDG ¯t

for all the charmed mesons.Predicted by HQET and Lattice
QCD. D §

s ; D § ! Á¼; Á ! K K

First CDF Run II Publi-
cation!!
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event selection 0.11

momen tum scale 0.10

T rac ker e®ects 0.06

Calibration pro cedure 0.03

T otal 0.21
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m(D §
s ) ¡ m(D § ) = 99:41§ 0:38(stat) § 0:21(syst) MeV/c 2

m(D §
s ) ¡ m(D § ) = 99:2 § 0:5 MeV/c 2 -PDG2002
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Bs lifetime using Bs ! J=ÃÁ

The ratio ¿(B s )
¿(B d ) testsHeavy Quark Expansion theory predictions.
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¿¤ b(¤ c¹X ) = xxx § 0:13(stat) § 0:07(syst)ps
¿¤ b(¤ c`X ) = 1:32§ 0:15(stat ) § 0:07(syst) ps - CDF Run I
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Cabbib o suppressed D decay

Decays of D 0 to CP eigenstatesK + K ¡ and ¼+ ¼¡ ) D 0 mixing
and CP violation. Use the ¼s from D ¤§ ! D 0¼§

s to tag °avor .
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 KK®0D

¡( D 0! K + K ¡ )
¡( D 0! K ¼) = 9:38§ 0:18(stat ) § 0:10(syst)% CDF Run I I

¡( D 0 ! K + K ¡ ) =¡( D 0 ! K ¼) = 9:93 § 0:14 § 0:14% F OCUS2003

¡( D 0! ¼+ ¼¡ )
¡( D 0! K ¼) = 3:686§ 0:076(stat ) § 0:036(syst)% CDF Run I I

¡( D 0 ! ¼+ ¼¡ ) =¡( D 0 ! K ¼) = 3:53 § 0:12 § 0:06% F OCUS2003

A cp(D 0 ! K K ) = 2:0 § 1:7(stat ) § 0:6(syst)%

A cp(D 0 ! ¼¼) = 3:0 § 1:9(stat ) § 0:6(syst)%
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Rare FCNC D 0 ! ¹¹

Sensitiveto physicsbeyondthe SM (3 £ 10¡ 13). SUSY models
with R-Parity violation predict up to 3:5 £ 10¡ 6

CDF Run II Preliminary
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b=c-hadron prop erties

Particle MeasuredmassMeV/c 2

B + 5280:6 § 1:7(stat) § 1:1(syst)

B 0 5279:8 § 1:9(stat) § 1:4(syst)

B 0
s 5360:3 § 3:8(stat)+2 :1

¡ 2:9(syst)

m(D §
s ) ¡ m(D § ) 99:41§ 0:38(stat) § 0:21(syst)

Particle Lifetime

Bs 1:26§ 0:20(stat) § 0:02(syst)ps

¤ b xxx § 0:13(stat) § 0:07(syst)ps

Decay Branching fraction

Br (D 0 ! ¹ + ¹ ¡ ) · 2:4 £ 10¡ 6 @90%C:L:
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Studying the ®; ¯ ; ° of B Physics

Vub
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Vtd

Dmd
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p- p+

B
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s D s K
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B
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d J/y K
0
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Dms/
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Vcb
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Bs mixing ( ¢ ms >> ¢ md )

PB 0
s

SS(OS) = 1=2¿exp(¡ t=¿)

£ [1 ¨ A (¢ ms) cos(¢ mst)]

Run I limit :
¢( ms) > 5:8ps¡ 1@95% CL.

From Bs ! Á l X º|{z}
dir ection ?

Run II
Hadronic trigger
L00 and TOF

UseBs ! D (¤)+
s n¼|{z}

tag

X s = ¢ ms=¿(Bs)
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Bs hadronic - Run I I

Candidate Mass (GeV)
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J=ÃK + in TTT ) trigger e®.
understood. Normalize Bs to
Bd ! D ¡ ¼, D ¡ ! K ¼¼. Bs
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lower than expected but mostly
understood.
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Direct CPV in b ! hh ! ®; °

Direct CP violation in B 0 ! ¼+ ¼¡ Penguin \pollution" need
B ! K + K ¡ . Expect 500 B ! hh/100pb¡ 1.Goal is to measure
A cp(Bd ! ¼+ ¼¡ ; K + ¼¡ =Bs ! K K ; K ¡ ¼+ =¤ 0

b ! p+ ¼¡ ; p+ K ¡ )
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Disen tangling B ! h+ h¡

Di®erences in ¼¡ K kinematicsseperate K ¼=¼K from ¼¼=K K
decays. Particle ID seperates¼¼from K K and ¼K from K ¼

M¼¼ versus® = (1 ¡ p1
p2

):q1

dE/dx  [ns]

5 10 15 20 25

Nu
m

be
r o

f e
nt

rie
s

0

500

1000

1500

2000

2500

3000

3500

pK

CDF RunII Preliminary

p 0 D®*D
p K®0D

(Pt > 2 GeV/c)

sseparation=1.16

id1;2 = dE =dX (tr k1;2)¡ dE =dX (¼)
dE =dX (K )¡ dE =dX (¼)

F = G(M ¼¼ ¡ M (®); ¾M ):P(®)
| {z }

M C

:G(id1 ¡ E id1; 1):G(id2 ¡ E id2; 1)

Total likelihood function : L =
P 6

i=1 f i ¢F i (®; M ¼¼)
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CONCLUSION

b/c Pro duction Key triggers and detector performances well
understood. Preliminary measurementsof the direct
open-charmand total inclusive charmonium cross-sections
(systematicslimited).

Masses, lifetimes, BRs Worlds best Bs mass,lifetime and
worlds largestsamplesof ¤ b with ONLY 65pb¡ 1. Current
best limit on FCNC D 0 ! ¹¹ decays

CKM matrix physics: Key hadronic signalsBs ! D (¤)
s ¼and

B ! h+ h¡ established. Initial rateswith non-optimized
SVT are lower than expected but now mostly understood.
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Backup slides

Detectorperformance
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Status of L00

Clustering is well advanced. Now working on alignement and
understandingresolution. Using L1 and L00 2 strip clustersto
anchor track and look at residual in SVXI I L0 - infer that
without ¯nal alignment current 2-strip cluster resolution is
» 11¹ m (designis 8¹ m).
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 / ndf 2c  4.781 / 17
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Particle ID: TOF performance
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Lepton+SVT Track trigger Yields

By spring (100 pb¡ 1) CDF will have oneof the worlds largest
semileptonicB samplesfrom the inclusive Lepton + SVT.
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SVXI I = Lots of Material
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Nent = 163186 

Mean  = nan0x7fffffff

RMS   = nan0x7fffffff

r (CTVMFT) (after sideband subtraction) h4

Nent = 163186 

Mean  = nan0x7fffffff

RMS   = nan0x7fffffff

r (CTVMFT) after sideband subtraction

r (cm)

L00
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SVX outer screen

L6F/B
L6C

L7

ISL outer screen

space tube

COT
inner
cylinder

port cards cables

08/2001 data

h4
Nent = 54021  

Mean  =  15.71
RMS   =  10.98

-11030 nb
zero bin at 1460

From comparisonto GEANT MC, we ¯nd we are still missing
» 10%of the SVXI I material in the simulation.
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Backup slides

HVQ ProductionTheory
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Basics of HV Q Pro duction in p¹p

q

g

g

q

Q

Q
Q

Q

_

_

_

LO   HVQ PRODUCTION

Q
_

Q

g

g

Two leading order perturbative

processes:

¾̂(gg ! Q1 ¹Q1)
¾̂(gg ! Q2 ¹Q2)

s!1! 1¡
log(m2

1=m2
2)

log(s=m2
2)

¾̂(q¹q ! Q1 ¹Q1)
¾̂(q¹q ! Q2 ¹Q2)

s!1! 1¡O (m4
1=ŝ2)

Hadronic statesneed PDFs:

d¾
dyd¹ydp2

T
/

1
m4

T

1
[1 + cosh(y ¡ ¹y)]2

£
X

i;j

x1f i (x1)x2f j (x2)

£ ¹X
jM (ij ! Q ¹Q)j2

Fragmentation ) FS hadrons
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Quark onia pro duction - Theory

Quarkonia bound statesare non-relativistic. NRQCD LO
perturbative expansion is O(®3

sv0) as in the color singlet model
(CSM) + higher order O(®3

sv4). Fragmentationprocesses/
color octet matrix elementdominate.

Direct J=Ã production (Run I) Ã0 production (Run I)

At low pt , non-fragmentationdiagrams from other octet matrix
elementsare important, soft gluon e®ects causerates to diverge.
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Theory: B Fragmen tation functions

Non-perturbative fragmentationfunctions for B mesonsare
extracted from LEP data using 3 di®erent parameterizations.
Applied to LO and NLO QCD with ¹M S factorization. ) good
agreement with CDF Run I data on B mesoncross-section.
Using the NRQCD factorization scheme: ) good agreement
with CDF Run I measurement of J=Ã cross-section from B.

Binnewies, Kniehl, Kramer hep-ph/9802231 (Run I) hep-ph/9901348 (Run I)
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b Pro duction - Run I I

Transverse momentum of parent b-hadron and J/y
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Run II: pt (J=Ã) » 1:5GeV ) pt (B ) » 0! Extract inclusive
b-hadron cross-section from b ! J=ÃX using long b lifetime
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¤b and heavy bary on lifetimes

The dominant source of lifetime di®erences between b-°avored
hadrons are weak interactions between the b-quarkand the light
valence quark of the order 16¼2( ¹¤=mb)3 = O(5 ¡ 10%) in
HQET expansionswhere ¹¤ = MH b ¡ mb. The lifetime
di®erence of b-hadrons therefore testsHQET expansionsat the
third order.

Expect ¿(¤ b)
¿(B d ) » 0:9 but measure¿(¤ b)

¿(B d ) = 0:78§ 0:05.

Will new NLO QCD calculationsexplain the di®erencebetween
theory and expt.?
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Backup slides

CKM physics
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Fla vor Tagging

Tag B °avor at production:.

m+ m-

p+

p-

same side p

2nd B

jet charge

lepton (e or m)

Lxy

primary
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RUN I I sin2̄

Dil ution =
NRight tags ¡ Nwr ong tags

NRight tags + Nwr ong tags

Aobserved
cp = DAtr ue

cp

¾(sin 2¯ ) » 1=
s

²|{z}
tag ef f iciency

D 2Ntot

Tag RUN I ²D 2 RUN II ²D 2

JetQ 3.0% 3.0%

SLT 1.7% 1.7%

SST(¼,K ) (1.4%,1.0%) (1.9%,4.2%)

OS(K ) - 2.4%

Total (Bd) 6.1% 9.0%

RUN I
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sy
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 Dm fixed
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CDF preliminary
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sin(2̄ ) = 0:91+0 :37
¡ 0:36
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Measuring sin°

¡ B 0
s ! D ¨

s K § (t) = Ae¡ t [1§ R cosxst §
p

1 ¡ R2 sin(xst) sin(±+ ° )]

B 0
s ! D ¨

s K § expectedyield
and backgrounds:

Ds¼D ¤
sK D ¤

s¼

S/B
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Expected error on sin(±+ ° )
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Bd mixing and measuring sin2̄

B0 B
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Vtd
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WW

B( ¹B) ! l§ X ; D ¤¨ l§ º ; l§ + j et

A(t) =
Unmixed(t) ¡ Mixed(t)
Unmixed(t) ¡ Mixed(t)

= cos( ¢ md| {z }
M heavy ¡ M ligh t

t)

If B ¹B mix AND decay to the same¯nal state ) =CP

B0

J/y

K0
S

b
±

d
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±

d

c

s
±

W

Vcb

Vcs

B0

B
± 0

F

eif mix

B
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B0

F

e-if mix

ACP =
N( ¹B ! f ) ¡ N(B ! f )
N( ¹B ! f ) + N(B ! f )

= sin(2̄ ) sin(¢ mdt)
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D 0 Mixing

(a) Lifetime di®erence between
CP and non-CP ¯nal states

y ´
¢¡
2¡

=
¿K ¼

¿K K ;¼¼
¡ 1

y < 10¡ 5

(b) Mixing in wrong sign
hadronic decays= oscillations.

Expectation for 100pb¡ 1. Belle/BaBar yield = 1M =100f b¡ 1:

Mode Yield

D 0 ! K ¡ ¼+ 1M

D 0 ! K + K ¡ 100K

D 0 ! ¼+ ¼¡ 30K

D 0 ! K + ¼¡ (DCS) 1 K
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Acp in Bs ! J=ÃÁ and Bs ! D +
s D ¡

s

Measures weak phaseof Vts which is
very small in SM. Evidence for anoma-
lous =CP phasesif asymmetry is ob-
served. Bs ! D ¡

s ¼+ is » (50 : 50) CP
even and odd, Bs ! J=ÃÁ is mixed,
Bs ! D +

s D ¡
s is CP even.
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