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The Caveats Slide

Who am 1?

+ | am a CDF member and working on B physics
+ my main interest is measuring Bg mixing at CDF

A word on B Physics

+ there are 1001 topics
+ | have picked a very small selection
+ Tevatron does much more ....

My selection of plots

+ CDF and BaBar plots came easy
+ .... does not mean that | do not like D@ and/or Belle
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Overview

Motivation and History

+ why do we care about b physics? — CKM matrix
+ first important B physics measurements

Introduction to the Experimental Setup

+ b production mechanisms as motivation
+ B Factories versus Tevatron
+ BaBar/Belle versus CDF/D@

Some Details about Mixing Analyses

+ tools for the measurement
+ BY mixing
+ first results on Bg mixing
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Web Pointers etc.
The experiments

+ Tevatron: ntp:/mww-cdf.fnal.gov/, http:/Avww-do.fnal.gov/
+ B Factories: http://www.slac.stanford.edu/BFROOT, http://belle.kek.jp/

Overview reports

+ B Physics at the Tevatron: Run Il and Beyond
http://arXiv.org/pdf/hep-ph/0201071

+ The BaBar Physics Book

http://www.slac.stanford.edu/pubs/slacreports/slac-r-504.html

Videos / transparencies on the web
+ SLAC summer school 2002:

http://www-conf.slac.stanford.edu/ssi/2002/

+ MIT Course: Heavy Flavor Physics (F. Wurthwein)

http://mit.fnal.gov/ ~ fkw/teaching/mit8.881.html
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Symmetries in Particle Physics

Lewis Carrol’'s (1872)
Through the Looking Glass

+ Alice climbs through the mirror
and .... finds a world very different
from the expected reversed world

+ clocks had actual faces, chess
pieces walked about, flowers
talked etc.

+ this seems to be the theme for symmetries in particle physics
In the last century

+ broken symmetries had a deep impact on the consciousness
of physicists
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Symmetries in Particle Physics

Electromagnetism basics understood by 1900

Maxwell’s equations

Quantum Electro Dynamics understood by 1950

Renormalization of QED

Electromagnetism conserves 3 symmetries

P parity — reversal of the three spatial dimensions
C charge conjugation — particle < anti—particle
T time reversal
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Broken Symmetries in Particle Physics

Weak Interaction violates P, C, T and CP:

P: asymmetric 8 ray spectrum in polarised Co®°
1957 C.S. Wu et al.

C: asymmetry of u™ and u~ polarization from ™ decay
1957 R.L. Garwin, L.M. Lederman, M. Weinreich
1957 J. Friedman, V. Telegdi

CP: in the neutral kaon system (Kg, K, decays)
1964 J.H. Christenson, J.W. Cronin, V.L. Fitch, R. Turlay

. —0 . .
T: rate difference for K® - K~ as a function of proper time
1998 CPLEAR Collaboration

CP: in the neutral B system (B° - J/yKs decays)
2000 BaBar and Belle Collaborations
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The CP Puzzle and the CKM Matrix

Matter/antimatter asymmetry

+ why so much matter?

+ Sakharov says: CP must be violated

+ CKM matrix describes CP violation in SM

+ amount too small to explain matter/antimatter asymmetry
+ good spot for new physics

Sakharov’s Conditions (1966)

B o1 proton must decay
ok R | universe had a thermal non-
AN equilibrium phase

CP must be violated

Measure CKM matrix elements
+ unitarity condition VV T =1
+ derive unitarity triangle
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Matter in the Standard Model
Matter build in families of weak isospin fermion doublets

Leptons (V‘f) (V‘i> (Vf>
€ L I’l L t L
u C b

ans () (s), (),

Weak interaction through W * bosons

In general: weak eigenstates # mass eigenstates

+ mixing between families possible
+ lower quark doublet components absorb difference
+ neutrinos also mix
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CKM Matrix

General form to describe mixing between quark families:

d’ d Vud Vus Vub
S/ = V X S Wlth V — VCd VCS VCb
b’ b Via Vis Vi

V is the Cabibbo—Kobayashi—Maskawa matrix
Wolfenstein parametrization (A =0.224 £ 0.012):

1-A2/2 A AA3(p —in)
V = -A 1-A2/2 A)? +0(A%)
AA3(1-p—-in) -AA? 1

Least known parameters: p and n
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Unitarity Triangle

Vud Vus Vub \
Unitarity condition: VTV =1 V=] Veg Ves Veb
Vi Vis Vi )

— VuquDb + Vg VCDb + Vg VtE =0
& VugVINaVE = VigVENVE =1

th Vtz; [] V ;d
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Neutral B Meson Mixing
t t

b » > » d, S b » > » d, S
(c, u) (c, u)
w* W~ w* W~
RS AL SN S S 1N S
t t
Theory prediction for B%/B? mix through box diagram
_ Gf 3. 2 m2 m¢ 0|2
Amg = gENeMe, Be, f5 M§S e VirVg|
Lattice QCD calculations: Bp,f2 = (246 + 11 + 25)MeV?

Hadronic uncertainties limit [Vq| determination to = 11%
In ratio most theory uncertainties cancel

Ams —

m : N
e = e Vil IVl with €2 =1.21 £ 0.02 503

Determine |Vis|?/|Vig[? to = 2.5%
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Unitarity Trlangle Who Measures What’P

Appex (P, 1) s a0s \
Squeezing along e
side b )
+ sin2f
A\ N

0.5
+ Vub/Vcb

Squeezing along . 0:_
side ¢ :

+ Amg -
05 F
+ Ams i
CKM fit result; 1
Amg =17.8 *%/ps™ - % \\
Qb e b e NN
-1 -0.5 0 0.5 1 1.5 2
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First Measurements: B Lifetime (MAC/Mark I1)

Sample of high pt leptons
+ pt — transverse to thrust axis
+ use track impact parameter, 0
+ sign determined by jet direction
+ 155 — muon events
+ 113 — electron events

B lifetime governed by V.,

MAC 1.8+£0.8+04pS  prL51(1983) 1022
Mark Il 1.2+ 04 £0.3pS  PrL51(1983) 1316

+ larger than expected
+ large ctg means small V¢,

Experimental detalls
+ e’e” at /s =29 GeV
+ 109 pb~t integrated luminosity
+ about 3,500 bb pairs
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First Measurements: B° Mlxmg (Argus)

At Y(4S) resonance

+ my(45)(10.580 GeV) >

> 2 xmg(5.279 GeV)
+ Y(4S) - B°BY . BYBY
+ 25 like sign events
+ 270 opposite sign events

Time integrated mixing

Argus X, =0.17 £ 0.05  pLB192(1987) 245

+ slower than expected
+ indication for heavy top

Experimental detalls
+ e*e” at /s =10.58 GeV
+ 113 pb~t integrated luminosity
+ about 110,000 bb pairs

Start of Y(4S) success story
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First Measurements: B® Mixing (UA1)

Inclusive measurement at pp collider PL B 186 (1987) 247
+ signature: like sign high pt leptons; UA1 got it first: 3 sigma

107 -

LIKELIHOOGD RATIO
|
&

1
10
\:w?/ |

10° l | 1

X = Fraction of Wrong Sign
Beauty Hadron Decays

i
o
!
O - N w £~ v o~ ~J
Log £

Argus at the time excluded this value at 90% CL
Start of the pp B physics success story
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Producing b Quarks / b Hadrons

Quark confinement

+ color string between quarks and gluons

to the outside: quark ensemble colorless

meson: color+anticolor; baryons: blue+green+red, ..
energy stored In string increases with distance
string breaks up and new quarks are created
controlled process (one pair) at Y(4S) = clean

uncontrolled process in pp collisions = dirty
b b
® ®)

b

b
@ ©)

+ + + + + +

b d u s ud s op
—@e® ~@0 '®0, . 45.,i1®97d45 g5 —
=

@0 ,0® eo'ce~. C®

d u s u

Simplistic but instructive fragmentation model
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Y(4S) versus pp

Strong Decay

At Y(4S)

+ + + + +

simple e*e™ as input

CM energy enough for B, B*
minimal fragmentation
asymmetric beams cause boost
coherent BB pair

At pp colliders

+ + + +

+

complicated pp as input

CM energy varies tremendously
always fragmentation

boost intrinsic:

-~ hadrons not at rest
incoherent bb pair
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Available CM energy Y(4S)

G (¢ ¢ — Hadrons)nb)

+ Myus) = 10.580 GeV 0.00f
+ 2 X Mgog+ = 10.54 GeV yes! ,
+ Mg, + Mgo = 10.64 GeV no!
+ Bs, BY, Ap, =p .. not accessible
Y
ob  § YAS) Y States =
- (bb) resonances

153_ .'} 1'(2S) ]
“’; + t ’y--,.i Tz:"»s_}

5 + ‘w‘# o'nsf“m-.. i

044 046 1000 1002 1034 1037 1054

Y(4S) Resonance

Mass ( (jc\»’.-'c:)

T (4S) Energy Scan

[ BABAR

_’%++ On +*‘—;:

>

PEP-11

Off

‘‘‘‘‘‘‘

Ecm —Myusy (MeV)

Y(4S) Cross Sections
+ o(bb)=1.1nb
+ o(cc)=1.3nb
+ o(dd,ss)=0.3nb
+ o(uu)=1.4nb
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Coherent Production of B°BO

Coherent state from Y(4S) with L =1 with S(t;,tp) =

sin o
\/— [ hys(tf1 0, (p)Bphys(tb’ m-0, @+ T[) B hys(th 0, (p)thys(tb’ nm-0, @+ T[)]

/ 1 I I | ! | P

0.75

Coherent development means

+ exactly one B° and one B° 0.5
+ at decay of any, coherence breaks '

Consequences for measurement 0.5

IIIIIIIIIIIIITIIIII]I

lIIIIlIIIIIIIIIIIIIlI

+ mixing measurable after first decay 0

+ measure At between both decays 8 0 3
+ half of the time Bcp decays first, tcp

+ other meson decay for tag, tiag AY= Pu™ T, S

+ symmetric behavior B or tag [P ]
+ integrated mixing is zero BY, BY mesons with tcp =0
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Detailed Cartoon of B Decays at Y(4S)

exclusive reconstruction
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measurement of time difference

At ~Az /<By>c Az about 260 um
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Tevatron Bottom Production - Overview

Cross Section: b - BX, \E=18 TeV, i<t
o(bb) =100 ub o0 L dashed: ug=pip=pio=V(m+p?)
v - solid: o/ < Mp.up < 2Ug
3 :
' ' 3 3 ! CTEQ5M1
Light quark o(inelast.) 10° larger 2L 2 o s Gev
_ _ S E dotted: Peterson, .. f(b-B)=0.375
- b-hadron triggers required s e = 0.006
10! & 5. CDF data
Triggers in Run | Theory: FONLL with N=2 fit _
+ based on leptons (u*, e7) 100 Ll
taus are not included pr (GeV)

typically single 8 GeV lepton
typically two 2-4 GeV lepton
semilept. decays or J/Y - uu

CDF Run | analysis: B - J/YK™
single inclusive B cross section
theory update FONLL  cacciari, Nason

Odatal Otheory = 1.7
data do not contradict theory

+ + + +

+ + + +

Triggers in Run |l

+ all the lepton triggers
+ also displaced tracks
+ typically two 2 GeV tracks
+ hadronic modes available
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b Quarks / b Hadrons at the Tevatron

Lowest order
pp collisions

1 TeV beam energy

proton is complicated beast q g b
collisions quite imbalanced q b
large o(forward,backward)

often second b not in acceptance E|avor excitation
bb production not coherent
always refer to primary vertex TTTTETTT

+

+ + + + + +

SOOCO

b-quark Correlations: Azimuthal Ad Distributionl 9

18Tev -]
Pre- o v / Gluon splitting
il<1 |y2| <1

-
--------
-
-

0.100

0.010

do/dd (ub/deg)

0.001

1] 30 60 90 120 150 1
|Ad| (degrees)
Pythia Total ===O===Flavor Creation ===Cm==F|avor Excitation ™ ™= Shower/Fragmentation
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Detailed Cartoon of B Decays at Tevatron

opposite side | same side (vertexing)

: m
opposite
side lepton ‘
~ fragmentation -
l i 3 pion T[+
~

B hadron
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&-3.n

PEP Il Machine

PEP Il is located in the 2.2 km PEP tunnel
+ 9 GeV electrons on 3.1 GeV positrons

- Y(4S) boost: fy=0.55

Seclor-10 PEP I
e~ injeclor

ng
(1.15GeV) FEE || Low Energy Bypass {LES)
Secler 4 PEF Il
e+ injactor

PEPII
Low Ener

FEF Il High Energy Bypass [HEE) ¥

PEP N
High Ener
l-'tfng (HE

[© GeV]

-

B

eV]
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PEP II Machlne The Rings

Ch.Paus, NEPPSR, August 14-19, 2005 - 25



PEP Il — The RF Clystrons
o R T

_,"’ bl
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PEP Il /| KEKB Machine Performance

PEP II KEKB

e” e’ e” e’
Beam energies [GeV] 9 3.1 8 3.5
Currents [A] 1.05 2.14|0.92 1.37
Number of bunches 830 1223
Luminosity [x 10%3/cm?/ sec] 4.6 7.35
Bunch spacing [m] 2.52 2.4
Bunch currents [mA] 1.28 2.20(0.71 1.14
Beam stored energy [kJ] 69 41 73 49
Beam power [GW] 94 5.6 7 5
Beam RF power [GW] 25 14 | 3.2 24
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Integrated Luminosity (/fb)

Integrated Luminosity(log)
500 l | l 1 1 I
Integrated Lumi: 468.9 /fo
200 [ PEAK Inst. Lumi: 1.5x1034 nb/sec :
100 | :
ol i

KEKB Machine — Luminosity

1999 2000 2001 2002 2003

2004 2005
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Accelerator Setup at Fermilab

Complex accelerator system

MAIN INJECTOR

kn;m} \

U N f
N\ v ! ANTIPROTON

N f x\ SOURCE
= ‘?‘* “BOOSTER
/ 5/’ LINAC
COCKCROFT-WALTON
NEUTRINO .~~~/ MESON
Dissitga  Dirsavian
L —

Tevatron Collider

+ Tevatron 1 km ring radius
+ 10'1(10%°) p(p) per bunch
+ 36x36 colliding p, p bunches

Booster

Tevatron

o li—

g

p source

Main Injector
and Recycler

R —

Goal

+ high beam-beam crossing, few
Interactions per crossing
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Tevatron — The Ring
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Tevatron Machine Performance

acchieved Run Il goal

Beam energies [TeV]
Protons/bunch x 100
AntiProtons/bunch x 100
Number of bunches
Luminosity [x 103'/cm?/ sec]
Bunch spacing [ns]

Bunch length proton [cm]
Bunch length antiproton [cm]
Integrated Lumi [pb~*/week]

1 1
= 30 27
=4 3.0
36 36
12.9 8.1
396 396
61 37
54 37
15-25 16
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Tevatron Machine Performance — Luminosity

Year 2002 2003 2004 2005
Month I 4 7 10 1 4 7101 4 7 14

1

T

-

Total Luminosity (Bb'l)
z S x
e e

&
o
L4 ‘ L L

-l
=

Delivered
To tape .

1000 1500 2000 2500 3000 3500 4000
Store Number
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Detector Design — Considerations

Main design elements

+

+ + + +

solid angle coverage

vertex measurement
momentum measurement
particle identification: K vs 1t
Tevatron: trigger

Silicon detectors, Vertex

+

+ + + + +

close to the interaction point
little material: avoid MS
radiation hard

not to expensive

Y(4S): z vertex res. < oscillation
Tevatron: Lyy resolution crucial

Drift chambers, Momentum

+
+
+

+

resolution oc Br?

radius limited by cost of ECAL
minimize material in front of
calorimeters

solid angle limited by IP setup

Particle Id detectors

+

+
+
+

cover given spectrum
kaon tagging: 0.6 — 2.0 GeV
2 body B decays: up to 4.4 GeV
various implementations:
TOF, Transition Rad., DIRC
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Detector — BaBar

P e

Electromagnetic Calorimeter

e* (3.1 GeV)

1

Cerenkov Detector |
(DIRC)

e (9 GeV)

v e
- iy L
-~
-k - *
/ ; L
-

' | Drift Chamber‘

| Silicon Vertex Tracker l

Instrumented Flux Return
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Detector — Belle

e ";’:.;':j_:':;f ‘\\

R Aerogel Cherenkov cnt.
n=1.015~1.030

SC solenoid

15T 3.5GeV e’

CsI(TI) 16X,

TOF counter .
8GeV e

") Tracking + df/dx
small cell + He/C,H;

u/ K, detection

o "‘t oy 1415 lyr. RPC+Fe

3lyr. DSSD
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BaBar — Asymmetric Design

CUFTRIN Wl

L H
§owoner

f_—] —
MUKAE Lu.er T | . .!_J‘I —‘
e |h13:4::5..:° g L\\ 7 I : (T | I
\ I | FEPII
\ ——--F’ Esploe PR -
| ‘ =n HER ig=)——w

LER {g~)e—

.\ : LPRRLLMLL I 5 LIS ! I 350mré¢
e ﬁ SI%;I\‘\\ ni | : \JT‘W—W‘:T"}HE I;‘E

-

—
- O T | CHa MIER: 3
R . a SR L
B
i sl A — T
o il 1 L = =
. P
—'«r—“-t*‘ﬁ-.- Il.|.r— I o e
— 1 =
R L NG R 3.7
y? | A A r e I !
CABLES [ | L OO AL AR | : ¥
PLATE CHARBLE I

. - | | mar e | |
fond Dro- Bbardectond

Section through BoBar & near IR e B
Far pforation orly, o0 rot souke
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BaBar - Silicon Vertex Detector

Kevlar/carbon-fiber support rib Si detectors

Carbon-fiber endpiece N, |12=0 W
a — -l I L J F=u

= S I

]
y

Cooling ring
LUipilext fanouts

Hybrd/readout ICs

- _ et beam
"— 30 om "i“ 40 cm h
Properties - N
+ 5 double sided layers =+ Laverl-ZView BABAR
il - 4
+ AC coupled :

- ® Daz-Run S

+ 97% hit reconstr. efficiency o L8 VoreCx-

+ hit resolution = 15 um at 90°
| e
Dr ¥ Py 4
A ~Fure; ~ |
| S— s
5 0 ¥ .
Incident Angle [dfg)
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BaBar - Drift Chamber

Properties

+ 40 layers of wires in 1.5 Tesla magnetic field
+ Helium,lsobutane (80:20) gas, Al field wires
+ Beryllium inner wall

+ dE/dx particle id with 7% resolution

"f:f) =0.13%x p. +0.45%
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Principle of the DIRC

Particle identification - i I
+ DIRC consists of quartz bars U Y ol
+ particles emit Cherenkov light t_ym_.‘i, 4
with 1/(3 opening angle 3
+ light transmission via internal .
reflection L-z &

Side View

+ opening angle is preserved on
the precision surfaces
+ rings projected in water tanks @

Particle Trajectory

L z Plan View

Water tank readout
+ about 10k photomultipliers
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DIRC Detector Pictures — BaBar

Mom Dp F3 FR Run No = $933
054 155 pi e 2o o g
057 185 E o s "‘;:p rers ETime = 25300

091 S49 pi e feten Sl EDate = &17000C
PO .- Event = 10

o )
L
T i
- I}J.:‘:.k:‘ B
(=]
(a] r
o = a
0 L;I
[+
L % B R Th | !
L
(2] .
=]
Lu. u L
5]
(= O g
g
o a
L
C
2 O ) - l“
o o8
%]
o
 »
- ») o
Sunulation
A . - ¢ Elecron
: e i - : : a %
e Beco Hirs (m tume! “ 3 ° gy et + Pion
"p.F""}“.I":: |_I'_=|'l,E[‘ . &0 A hoaod
¢ Best solunons (FG) o Proton
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Particle |ld Summary — BaBar

Particle identification

+ drift chamber dE/dx
+ DIRC particle Id system

Drift chamber
+ dE/dx forp <1.4 GeV

DIRC system
+ forl1l.4 GeV<p<44GeV

Combined performance

+ Kaon identification 85%
+ pion misidentified 5%

Tagging Kaons

DIRC

IIllIlIIJIl’IIIIII

1.5 2 25 3 3.5 4 4.5 5

Koon Momentumn GeV/c

Illllll Illlll

1.5 2 25 3 3.9 4 4.5 S

Pion Mementurn GeV/c

L Le L4 1 i a0 ik i1 il L 11 14 1% 8] 4
1.5 2 23 3 3.5 4 4.5 3

Koon Momenturn Gev/c
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Detector Designh — D@

Forward Mini-drift Cenimal Scintillatos Forward Scintillator
chambers

e

Shielding

o

New Solenmd , Tracking System '
Si, SciFi, Preshowers

I[ + New Electronics, Trig, DAQ
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Detector Design — CDF
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2.0

Detector Design — CDF

END WALL
HADRON

= 1.0
R CAL. 30o
o
L
|_
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o =
L (ne
f ;
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2 2
o 0
= T
. Q S
) —1
- o
o
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il L O
' 3
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CDF — Silicon Vertex Detector — SVX

7
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CDF Slllcon Vertex Detector — SVX
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Cabling Up
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Run Il Upgrades: Silicon Detector

Inner Silicon: LOO and SVX

Number of Layers
Number of Barrels
Active length
Readout

Inner Radius
Outer Radius

Outer Silicon: ISL

Number of Layers
Number of Barrels
Readout

Inner Radius
Outer Radius

6

3

29 cm
p+zlp+¢
=1lcm
10.6 cm

1or?2
3

p+z
=20 cm
=30 cm

R=29 cm
-\

Port Cards

SVXII

1sb) | |

e e e e e

-

\-- --L- /'
oy

—— —r

——tH—=
=,

/
———hJ— /‘
1 -

Zaa (Layer 00)

90 cm
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Run Il Upgrades: Time-of-Flight Detector

Characteristics of the system "

2.0 —

END WALL
HADRON

n =10 McaL.

Time-of-Flight Detector 30

Scintillator Bars 216 (1.7°) ] |

Radius 140 cm 15 — | coso0

Bar Cross Section 4 x 4 cm? - :

Bar Length Bar 300 cm E cor WA | T
Coverage In|<1 g 'k
Scintillator Material ~ Bicron—408 B e = | N
Photomultipliers Hamamatsu Lk b Tt 4
Readout of the Bars  two—sided \L U
Design Resolution 100 ps T Lo

Hamamatsu photomultiplier

Type fine mesh, R7761
Stages 19
Geometry 1.5 inch diam.

PMT operates in 1.4 T B field
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Run Il Upgrades: DAQ System

Event Building in Run 1l

ATM switch 32 ports
input rate [kHz] 0.3 (1)

event size [kB] 150 (250)
total flow [MB/s] 44 (244)

Level-3 Processing for Run Il

PC farm (Linux) 250 PCs
Input rate [kHz] 0.3 (1)
output rate [Hz] 30 (75)
rejection rate =10
logging flow [MB/s] 4.4 (18)

L1 Storage

Pipeline:
42 Clock
Cycles Deep

L2 Buffers:

4 Events

7.6 MHz Crossing Rate
(132 ns Clock Cycle)

7.6 MHz Synchronous Pipeline
FAERES 5544 ns = 42 x 132 ns Latency
1lile[e[sf| <50kHz Accept Rate

L1 Accept

Asynchronous 2-stage Pipeline
FEPA 90 s = 1/50 kHz Latency
Trigger 300 Hz Accept Rate

L1+L2 Rejection factor: 25,000

L2 Accept
Level 3 Mass
System Storage
DAQ Buffers / Accept rate <75 Hz
Event Builder Rejection factor: >4
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Run Il Upgrades: Hadronic Trigger

Run |: only e, u trigger

D decay
vertex
DLy
B decay
vertex
Y B Lyy
o
i P. V.
Challenge:

+ fast silicon readout (SVX)
+ track at 10 kHz (SVT)
+ charm dominated

Levell track trigger: high py
Level2 track trigger: large dg

Improves Run | sensitivity by
4-5 orders of magnitude

£ - P> 2 GeV/c; Xayy < 25

= 18000

= O= 47um

Includes
33 um
beamspot

™ 16000
Q

o 14000
4 B
[T B
® 12000
10000
8000
6000

4000

ZOOOM/%\M

—%00 -400 -200 0 200 400 600

SVT d, (um)
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Run Il Upgrades: Hadronic Trigger

CDF Detector Components

Level 1 track trigger CAL COT MUON SVX CES
+ based on chamber: r - ¢ : .
+ opposite charged track pair with XFT | Brim. XCES
pt > 2 GeV each
+ sum of pr >5.5 GeV XTRP
+ A@p<135°
L1 L1 L1
cal track | muon
Level 2 track trigger o 1b |
+ based on silicon: r — ¢ Le\?eli
+ repeat Ievgl 1
+ two large impact par. tracks: 5 A
- 120 l,lm < do <1 mm cal \ ' SVT
Global
Level-2 TSI/CLK

Improves sensitivity by 4-5 orders
of magnitude over Run |
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Comparisons of B Experiments

Accelerator CESR,DORIS LEPSLC PEPII,KEKB Tevatron
Detector Argus,CLEO ADLO,SLD | BaBar,Belle CDFDY
o(bb) =~1nb =6 nb =~1nb =~ 50 ub
o(bb) : o(had) 0.26 0.22 0.26 0.001
b hadrons B? B* all B? B* all
Boost < By > 0.06 6 =0.5 2-4
Production Bs at rest bb btb forward boost bb not btb
Event pile-up no no no yes
Trigger Inclusive Inclusive Inclusive selective
Comments

+ experimentally LEP/SLC at Z looks ideal — but expensive
+ Babar and Belle produces at moderate cost although not all

+ Tevatron has the highest cross section and can do all but lots
of background

+ nice complementary setup
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B Mixing Phenomenology

Neutral B mesons: mixtures of two mass eigenstates
By >= = (B > +B >) BL >= = (B > -|B >)
Heavy and Light states have different mass and width
Am = my —my (> 0 by def.) Al =Ty-T,
Time evolution with Al 20

P(t)go 50 = 3:€ "(cosh &% —cosAmt)  P(t)go_go = 5-€ /"(cosh &1 + cos Amt)

With AI' =0 (Al'4/T'4 <0.01,Als/T'5s <0.20)

P(t),o 70 =€ ""(1-cosAmt)  P(t)go_pgo = 5-€ /7(1 +cos Amt)

Determine asymmetry

N (t) unmixed ~N () mix —
Aolt) = R mmed Ny = COSAMY)

1 Assume no CP violation.
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Bs Mixing: Experimental Building Blocks

opposite side | same side (vertexing)

opposite
side kaon

D meson ~ o
b hadron

- fragmentation
~ kaon +

Components for measurements
+ decay time ct, un-boost B

+ B flavor at decay, final state

+ B flavor at production, . ct=L,, Mg
flavor tagging ‘ T

Measure asymmetry in dependence of time

N(t)rs = N(t)ws
N(t)rs + N(t)ws

AL (1) =Dcos(Amst) with D =2P -1 =dilution
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Why Is that so difficult?

S 1 B4 mixing Am=0.5 ps

Bs mixing _—

+ very fast E 0.05]

Challenge E /
precise vertex 2 O Il
precise momentum |3 f 'l s
many events §-0-05‘_ —
tagging essential ; 1; Dilution: 0.05¢%

0 25 5 75 10
proper decay time, t [ps]

Very tricky!

The larger Amg the more crucial o(ct)

significance = y/ ”SgDZ, [ €xp(= (AmSGCt) )
o(ct) = \/( 0)2 + (ct )
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Present Experimental Results

Summary at 95% CL
+ limit: 14.5 pst
+ sensitivity: 18.3 ps™
+ data: LEP SLD CDF Run |

o 25 prrrrre e e e e T
© ]
E World average ]
5 2f - _ ]
o r + datatl1loc A 95% CL limit 14.5 ps1 s
< [ ---- 1.6450 -o sensitivity ~ 18.2ps Y ]

\ ]

15 mm datat1.6450
- [ ] data+ 1.6450 (stat only) H

|

10 125 15 175 20 225 25
-1
Am, (ps™)

0O 25 5 75

AR o T amplitude (sensitivity)
= 0.47+0.77+0.20 (13.1 ps')
(91-95,n0 0, adjusted) b
ALEPHD | E . 3.83+1.49+0.32 (7.5psh)
(91-95) P
ALEPH B R -0.47+1.15+0.47 (0.4 psh
(91-00) '

-0.14+ 2.00+ 0.51 (5.1 psh

0.45+ 3.58+1.93 (3.2 psh)

DELPHI E(>§+%{_>1) TR 0 S

DELPHI D |+cg F’—{ 1.25+1.37+0.31 (8.6 psh

DELPHI Vix P—'—¢ -0.23+ 3.04+ 0.56 (6.9 ps')
(92-00) E

DELPHI | Lt -0.96+ 1.35+0.71 (9.1 psh
(92-00) i

-1.2542.34+1.91 (7.2 psh

OPAL | .
(91-95) N
OPAL D . o
(91-95)

-3.63+3.05°%%  (4.2ps)

%GDQ%) Fﬂ_¢ 1.03+1.36"%9% (3.3 psh

SLD dipole 0.44+1.00"%% (8.7 ps*

é)98) }—0—4 028 ( ps)

World average ’_,_| 0.46+ 0.42 (18.2 psh
il [

-6 -4 -2 0 2 4
1Ops1

Heavy Flavour

Averaging Group amplitude at Am =

Bs mixing frequency more
than 30 times faster than
for B°

experimental challenge
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Bs Mixing Analysis - Road Map

Samples
+ confirm SVT based triggers for the samples
+ reconstruct B signals (B*, B, B)
+ optimise s/vS +B
Lifetimes
+ SVT and analysis sculpts proper time distribution
+ develop correction for proper time sculpting
+ fit lifetimes for B*, B, Bs
Flavor Taggers
+ calibrate opposite side taggers to parametrize dilution
+ use B*, BY samples
+ use calibrated tagger dilution in fit for mixing
Amplitude scan for Bs mixing with unbinned likelihood
+ test on BY sample
+ proper time resolution per candidate
+ tagging power per candidate
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Samples
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SVT Based Triggers
Semileptonic: Bs —» ¢*D;X  Hadronic: Bs - DZ1T

+ one lepton, one SVT track
0l >4 GeV

plrack > 2 GeV

D71 + P72 > 5.5 GeV
120pum < df < 1mm

+
+
+
+

A

neutrino -

D Decay Point \

lepton

B Decay Point

+

+ + + + +

D Decay Point
y \

PV/

two SVT tracks

Pt > 2 GeV
Pr1t+Pr2>55G6GeV
opposite charge
120um < dg < 1mm
Lyy >200um

/
/
/\
/
/
/

B Decay Point

CH.Paus, NEPPSR, August 14-19, 2005 - 61



Hadronic Decay Signals B* - D2t
CDF Run Il Preliminary L= 355 pb'1

—0
! B - D
~ 1500
O 5625 candidates
>
()
=
o ]
—
— 1000
s it
— \+4\ |
'E _ hﬁﬂi‘*ﬁ..
@ t ,.
‘5 i
= 500 -
_g ]
2 I R, ‘i‘““ F it Possyd
0 |

48 5 52 54 56 5.8
K* 1 1t mass [GeV/c’]
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CDFII Preliminary, 355 pb'l,B - D1, Do — @t CDFII Preliminary, 355 pb'l, B,— D1t D - K'’K CDFII Preliminary, 355 pb'l, B, - D.1t, D, - TUTT
S S S

Hadronic Decay Signals D_ 1t

“o 140 o o~
8 - —— Data 2 100 —— Data 2 —— Data
> . . > | — Fit Function > — Fit Function
Q 120 — Fit Function Q B _ DU Q 5D
[ T PsT Hs — _B.-» D.m
2 — Bs_’ Dsn 2 80 i Bs_’ DSK 2 BS DSK
o o M _ (@] s~ Ms
— 100 B;— DK — ‘ —B°- D — - AT
E i B - DX E -/\b—>/\cT[ E | Bb Dcx
I B - DX i - s
o 80 '[N la [T inatori o s o r o
" . combinatorial " 60 —rhmil ol combinatorial w 30 KWL v combinatorial
9 60 [ background Q background Q K background
% X?/NDF = 132.7/125 ‘8 40 X?/NDF = 157.1/95 -g & X*/NDF = 91.7/77
Ee) 40 prob: 30.18% o prob: 0.01% o C prob: 12.07%
8 | 8 ol g8 . |
O ol O 207 O 10}
L i e Wi b b i I B o
L i i | : ;..l..l L AL, i ] 4 - nd, )
0 L Lo L b | Lo ++\ Lo O T ++\ | iRk ik PRANL T O IR R - R | { AR K
5.0 55 6.0 6.5 5.0 55 6.0 6.5 5.0 55 6.0 6.5

K'K'TtIg; mass [GeV/c’] K'K'TtTg, mass [GeV/c’] TCTITITE, Mass [GeV/c’]

Decent samples of fully reconstructed Bg
about 900 events
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Semileptonic Decay Signals B™ - (DX

CDF Run Il Preliminary L=355pb”
B_I"'Dx  — data

~10000 - — fit
S
> | signal
= background
o\
©
Q
25000-
©
O
e
C
S
O

0

185  1.90
mass [GeV/cZ]

Very large sample: about 56k events
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Semileptonic Decay Signals (D X

CDF Run Il Preliminary 355 pb'l N CDF Run Il Preliminary 355 pb™ N CDF Run Il Preliminary 355 pb™
= - N(IDy) = 4355 £ 94 s = 1200 s .

- O H v 600F

: g 1000? E’_ 500E

5 o 800 8 400}

: G 600F 5 300]

400? B: — I'vD; (Dg —~ KK") 200? BY _. I'vD; (D; — 3m)

- 200F \ipy = 1750 + 83 100F ngD,) = 1573 + 88

o) \ 0 0

I N R Eo
1.85 1.90 1.95 2.00 1.85 1.90 1.95 2.00

185 190 195 200 > 2
mass(KK™) (GeV/c?) mass(KTK) (GeVi/c") mass(Trm) (GeV/c?)

Very decent samples of fully reconstructed Bg
about 7800 events (8.7 times hadronic Bg sample)
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Lifetimes
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2

60

50

candidates per 5.0 MeV/c

Analysis sketch (Bs — J/Wq)

reconstruct pt, mass, and Ly, — calculate proper time ct =

+

+
+
+

Classic Lifetime Measurement

CDF Run II L ~ 260 pb™

F B - J/Wo --data

— 20315 sig. i

- candidategs Wm(Sig)
m(Bkg)

— Fit prob: 93.4%

55
(MMKK) mass, GeV/c?

candidates per 50 um

CDF Run I L ~ 260 pb*

3 B, - JIp o —» data
- 1 Sig

— Sig Light

— BKY ghortived

Fit prob: 26.4%

Lxym
PT

no cuts that bias ct — signal probability: p(t) = Ne™V" x G(0y)
background from mass sidebands
extract ct from combined mass and ct fit
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Lifetimes in Hadronic Channels

“trigger”turnon

Bias in Ct o/ MNOF - A0 BY ! 51, Prob - 87.19%

+ two SVT tracks z\ . S—_

+ turnon: do > 120 um N\ I|3d0| cimm

+ turnoff: dp < 1 mm and § |

pattern limit "’gﬁ 10d |
+ selection increases bias g
- 3
Adi - . 5 ||
just probabllllty density o P o
+ pt)=N(Ee™"" xG(ow) V) . ,,
+ background more complex, : 1rJ.|-|JJ.,-.rJFl.-j1-|L'I -t

still from mass sideband =

Proper decay length [cm]

Do we care for mixing?

+ bias cancels!
+ very small effect on mixing
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Hadronic Decay D_mr" — Lifetimes

CDFII Preliminary L=360 pb™

CDFII Preliminary L=360pb™

c
c S 108 0 - —— Data
2 1000 } ——Data 8 B D_T[F . —— Global fit
50 ; gilo:;I fit £ D KTt | g Signal
3 0 - B - Y N\ VS U Combinatorial
= B — D T|.+ CJ5s N 2
o 800 i + I Cabibbo 102 [Bs
D-KTm mmn, N
----- Combinatorial
600|—
N of B°: 7957 + 89
10
0. =
aool N of B®: 7957 + 89 -
2004
8% 525 53 535 54 545 55 555 56 565 5.7
A 4
] SO VRO SO OO FOO0 TSSOSO TR N 100 2
Om R ETUENEL AMEMELAIY :
ol ,...J[ ............ Jr.’.r ..... T i‘...THT..’r.+ff..’r.T.“Jf,’fT...ﬂ,iW}m...h{.TTTT’r"T,.T.'.T’({ ....... SRR -
Qe + .............................................................................. -4
52 525 53 535 54 545 55 555 56 565 5.7 005 0 005 01 015 02 02 03 035 04

Mass [GeV/cz] ct [em]

Measure lifetimes of B* and B° - then Bq
ct(BY) = 498 + 8(stat) + 4(syst) um

cT(BY) = 453+ 7(stat) + 4(syst) um
c1(Bs) 479 £ 29(stat) £ 5(syst) um
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Candidates per 14 Mle_\V/c2
(@) ol
o o

o

Hadronic Decay D_m" — Lifetimes

CDF Il Preliminary, L = 355 pb "

B B, - D, K*

a
o

J» —— data

‘ — fit
B, - D 1t
partially
reconstructed B
combinatorial

X2/NDF = 43.9/40
Fit Prob = 30.9%

PR
5.6

5.4
K" K Tt ¢, mass [GeV/c]

CDF Il Preliminary, L = 355 pb*

Candidates per 75 um

[EEN

- data
— fit
B, — D 1"

[ ] partially
reconstructed B
combinatorial
X%/NDF = 17.6/10
Fit Prob = 6.2%

0.0
proper time [cm]

2
eV/c
[N
(@)
o

Candidates per 14 M

o

CDF Il Preliminary, L = 355 pb "

A
o

—— data
— fit
B, - D 1T

partially
reconstructed B
combinatorial
Be_.Dn
- B, - D K*
A, = AT
X2/NDF = 29.1/25
Fit Prob = 25.9%

5.4
K" K Tt T, mass [GeV/c]

CDF Il Preliminary, L = 355 pb*

Candidates per 75 um
=
o

[EEN

- data

— fit
B, - D, 1"
partially
reconstructed B
combinatorial
Ay = ATt

(1B - Dmn
X2/NDF = 11.3/9
Fit Prob = 25.5%

I

—
proper time [cm]

AN
o

Candidates per 14 MeV/c’
=
o

o

CDF Il Preliminary, L = 355 pb"

w
o

N
o

—— data

— fit

B, - D, 1t*
partially
reconstructed B
combinatorial

B, —» D, K"

A, - AT
X?/NDF = 11.8/18
Fit Prob = 85.9%

| | | |+| | |

L
54

5.6
TC TT TT TG, mass [GeV/cZ]

CDF Il Preliminary, L = 355 pb*

Candidates per 75 um

=
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- data

— fit
B, - D "
partially
reconstructed B
combinatorial
Ay = AT
X2INDF = 12.6/5
Fit Prob = 2.8%

l L L l L
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proper time [cm]
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Lifetimes in Semileptonic Channels

Bias in ct (see hadronic) CDF Monte Carlo

o> 1
+ one SVT track % 0.9 BY _ 1D, (D, — @T7)
+ turnon: do > 120 um o 0.8F
+ turnoff: dy < 1 mm and © 8'22
pattern limit P
+ selection increases bias = 0.4f
0.3
Corrrect missing momentum 0.2}
+ from Monte Carlo (K factor) 0.1
+ binin /DX mass ?. 0.4
ct* x K (cm)

Incomplete reconstruction

+ cross talk B*, BY
+ prompt D background
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Lifetimes in Semileptonic Channels - K Factor

4500F
4000¢
3500¢
3000
2500F
2000f
1500¢
1000k

500§

1200}
1000}
800}
600}
400}
200}

83

CDF Monte Carlo

el M T B R E | e
2 04 06 08 1 12
K factor, 2.3<M<5.3 GeV/c
PRI N IR B | P
2 04 06 08 1 12

K factor, 3.7<M<4.2 GeV/c’

500¢
400¢
300¢
200}

100}

1200

1000 :
800 :
600}
400 :
200 :

BY - I'vD, (D, - @T1)

g

. | RS T T T N M SUP
2 04 06 08 1 12
K factor, 2.3<M<3.2 GeV/c
PR R | IR B R R |
2 04 06 08 1 12

K factor, 4.2<Mp<4.7 Gev/c’

1000:
800:
600:
400:

200}

500
400}
300}
200}

100¢

B

PRI PRI N ST T R |
2 04 06 08 1 12
K factor, 3.2<M;<3.7 GeV/c
PRI BT R | TR | SR
2 04 06 08 1 12

K factor, 4.7<M<5.3 Gev/c’
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Semileptonic Decay ("D X — Lifetimes

CDF Run Il Preliminary 355 pb ™ CDF Run Il Preliminary 355 pb* CDF Run Il Preliminary 355 pb™*
E 13 o i €103 . E10°F ]
310 3 B . ['vD; (D, - @Tt) 310 3 BY - I'vD, (D, — K°K") 310 - By — I'vD; (D, ~ 3m)
S ’ Semilgptonip B, Signal = C Semileptonic B, Signal S Semileptonic B Signal
g % Combinatorial Background g Combinatorial Background g 5 Combinatorial Background
@ .o ¢, Real D, Background 0 10?2 Real D, Background o107 Real D, Background
3 102 » 8 g | i
c : c f c
W 0 w t

[EEN
o
—4—

i

1F \¢
i N

10} 10}

o Il Il Il Il Il Il Il Il Il Il Il Il Il L 1 L Il Il Il Il Il Il Il Il Il Il L Il L L L 7‘ Il Il Il Il ‘ Il Il Il Il ‘ Il Il Il Il ‘ \\
0 0.1 0.2 03 04 0 0.1 0.2 03 04 0 0.1 0.2 03 04
ct (cm) ct (cm) ct (cm)

Measurement not yet complete only statistical uncertainty

+ B™, B lifetimes within 20 um of world average
+ cT1(Bs) =445 = 9.5(stat) um
+ cT1(Bs) =438 = 17/(tot) um — world average

Ch.Paus, NEPPSR, August 14-19, 2005 - 73



Proper Time Resolution

0.35 CDE Il Preliminary

: e signal
0-303_ © background
0.25F |

- i
0.20F |

: n T B; - DT, D — @It
0.15;— | b
0.10 50t

- | O
0.05f *“ . o
0.00 =" P e
- :u ey ey ey by
O'8.%00 0.002 0.004 0.006 0.008 0.010

O, CM

Vertex fitter measures
+ Ly, Pr and corresonding uncertainties
+ but the errors are not reliable - scale factor already applied
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Calibration of Proper Scale Uncertainty

CDF Il Preliminary

10 .
- data H X*/NDF = 36.3/24
Prob =5.13%

F—— fit
i o
—— f++

[EEN
o
N

— prompt

D Decay Point —

fl “IH ; | ”u Ml /
proper time [cm] PV

Create unbiased calibration sample

+ hadronic trigger dominated by prompt D
require D to trigger and add unbiased track (not triggered)
scale factor applied to uncertainty of each event
primary vertex position has to be zero — extract scale factor
long lived background accounted for in fit

Ch.Paus, NEPPSR, August 14-19, 2005 - 75

[EEN
o
T

prompt track
-

T 'B’ Decay Point

Candidates per 15 pm

+
+
+
+



Flavor Taggers



Tagging B Production Flavor

opposite side | same side (vertexing)

opposite
side kaon | -
- fragmentation
& ~ kaon .
K ‘ K
D meson ~ o
b hadron w2
P.V. | By
Only opposite side taggers L
Xy

+ muon and electron tagging _
+ jet charge tagging 1

vertex, jet probablity, highest pT ct=L,, il

Pr
Measure asymmetry in dependence of time

N(t)rs = N(H)ws
N(t)rs + N(t)ws

A (1) =Dcos(Amst) with D =2P -1 =dilution

Ch.Paus, NEPPSR, August 14-19, 2005 - 77



Measuring Amy and Tagger Performance

CDF Run Il Preliminary L=355pb™

Fitting separately 06 -
+ hadronic decays '
+ semileptonic decays

contribution
* contribution

P
Measure = =
+ Amd < _02_ ....................
+ tagger performance o . |
i _ B - ID'X
Sample picture:  /D*X 06 ] | | | |
0.05 0.1 0.15 0.2

S M T proper time [cm]

Mixing results

+ AmPad = 0,503 + 0.063 + 0.015 ps~
+ AmS$e™ =0.497 + 0.028 + 0.015 ps~}
+ Amfi¢ =0.502 + 0.007 ps™
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Tagger Performance

Measure of tagger performance: €D?

+ ¢ If the efficiency
+ D isthe dilution: D =2P -1

Tagger Combination

+ taggers are ordered by performance
+ exclusive taging decision, use best available tagger

Corresponding performances
[%0] £D? hadronic eD? semileptonic

Muon 0.46 +0.11 +0.03 0.577 + 0.047 + 0.034
Electron 0.18+0.06 £ 0.02 0.293 + 0.033 + 0.017
JQ/Nertex 0.14+0.07 £0.01 0.263 +0.035 + 0.021
JQ/Prob. 0.11+0.06 +0.01 0.150 + 0.026 + 0.015
JQ/High pr 0.24+0.09+0.01 0.157 +0.027 + 0.015

Total 1.12+0.18 1.429 + 0.093
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Amplitude Scan



Amplitude Scan Method - Using B

L=355pb"

CDF Run Il Preliminary
- datat1c A 95%CLIlimit 0.3 ps*

- 1.645 0 sensitivity > 2.0 ps”
y data + 1.645 o (stat. only)
Am,t 1o

.-
e
{
_+__
—e—
_+_

Amplitude
3
_+_

o
—
——
——
——
——
——
——

Perform unbinned likelihood fit Signal = unit amplitude
+ p U(1 £ ASpD; cos(Amg)) + else A consistent with O
+ exclude Ams @95%CL for

+ scan fixed values of Amgq
+ record A and ag(A) (1-A)>1.6450(A)

Ch.Paus, NEPPSR, August 14-19, 2005 - 81



o
o))

Systematic Uncertainties

CDF Il Preliminary

N

o
N

o
=

Total

D scale factors

D templates

o scale

resolution
shape

— —  sources

o
o

Systematic uncertainty on Amplitude

+ absolute errors on amplitude are shown

10 20 _
Amg (ps”)

o

230

tainty
N
ol

matic unter

o
w

o
= ©
Ul N

Syste
o
H

0.05

{

\\
f \

Total

Prompt Background
fraction

Prompt Background
Dilution

~  Dilution Scale

Amg (ps)

+ systematic very small compared to statistical uncertainty
+ dominant systematics limited by sample size - will improve
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Semileptonic Result

CDF Run Il Preliminary L=355pb"
4| = datatlc A 95% CLlimit 7.7 ps™ 13
{--16450 O sensitivity 7.4 ps™ ik
| ‘Q.T,‘ “ 1
. data+ 1.6450 . et
2 - data £ 1.645 o (stat. only) | ° 1
o
K ! Fryy *
= o e
2 i
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sensitivity: 7.4 ps™t lower limit: 7.7 ps™ at 95% CL
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CDF Run Il Preliminary

Hadronic and Combined Result

CDF Run Il Preliminary L=355ph"
41~ data+1c A 95% CL limi I : g 4_' ~ datat 10 A 95% CL limit 7.9 ps™ ;
{ 16450 10O sensitivit {--16450 O sensitivity 8.4 ps™ 1\ /3
: Il data+ 1.6 Il data+1.6450 I :,.,4'0" !
2‘_ data+ 1.6 % (stat. on ) 2‘_ data = 1.645 o (stat. only ‘ TS 1
N . S |
O s o R ey T
0. R il
£ | £ | it
< | < |
2] 0.
4 4 Semileptonic+Hadronic Combined
0 5 10 15 210
Am [ps ]

Comments
+ hadronic sample alone has no sensitive (statistics)
+ but helps semileptonic sample in high Amg region

+ sensitivity moves from 7.4 ps™ to 8.4 ps™*
+ new limit Ams < 7.9 ps™ at 95% confidence level
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CDF Il and World Combined Average

CDF Run Il Preliminary L =355 pb™

| - dataz1c A 95% CL limit 14.5ps™
2 | 1.6450 O sensitivity  18.6 ps™
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s i
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Improvement from CDF

+ limit stays the same
+ sensitivity moves from 18.1 ps~ to 18.6 ps™
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Improvements

Statistical power of the sample

+ add
+ add

same side koan tagger
more Bs decay channels (ex. Bs - D ' )

+ gat

ner more data

Improve proper time resolution

+ ave

rage primary vertex — primary vertex per candidate

+ Improve reconstruction of innermost layer (Layer 00)
+ treat large silicon clusters more carefully

For illustration of improvements

+ Increase statistical power by factor of 4
+ Improve ct resolution by 20%
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Improvements: Hadronic

Hadronic Analysis CDF Il

| - datax1c A 95% CL limit 0.0 ps™

| 1.6450 O sensitivity 0.4 ps™ 2
5 B data+ 1.6450 ¥
data + 1.645 o (stat. only)
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iy e = “‘".“\lnll““ ®
A V. st
E - | | * |
] . | [} | . -
%0 @M W WH RS

0 5 10 15 20

Assumptions mixing frequency, Am, [ps'l]

+ Increase statistical power by factor of 4 (new data, taggers)
+ Improve ct resolution by 20% (primary vertex per candidate)
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Improvements: Semileptonics

Semileptonic Analysis CDF I

| - datat1c A 95% CL limit 7.7 ps™
| »w 16450 O sensitivity 7.3 ps”
5- data + 1.645 0 I
data + 1.645 o (stat. only) ,.,
O
©
=
=
=
<0
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0 ) 10 15 20
: mixing frequency, Am, [ps7]
Assumptions

+ Increase statistical power by factor of 4 (new data, taggers)
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Summary

Worldwide B physics program: CKM matrix related
+ good place to look for new physics, has potential: NP in loops
+ complementary, precision program: BaBelle and CDF/D@
+ Tevatron:

+ high cross section

all b hadrons

strong boost

low flavor tagging efficiency
high background

actories:

clean environment
beam energy constraint
Inclusive trigger
excellent flavor tagging
only B*, BY

low boost

+

+
— + + +

B

+ + + + + +
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Summary

First B mixing analyses completed (D@ finshed second)

+

+
+
+
+

sensitivity: Amg < 8.4 ps—(9.5D@) at 95% confidence level
exclude: Amg < 7.9 ps™(7.3D@) at 95% confidence level
used semileptonic and hadronic samples

displaced track trigger (SVT) was crucial

byproduct: ct(Bg) =479 + 29(stat) + 5(syst) um

Prospects
+ Tevatron is covering the Standard Model range until Run Il end
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