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Data sets

CDF/DO use data Collected 1n DO & CDF Run Ii Int

— DO Delivered (from April 19th 2002)

the pGI'IOd 2002 - 2004 —Do Reccirded {from April 19th 2002)

~ 600 pb!recorded
DO:

Ml ~ 220-450 pb! used for B physics
CDF:

M ~ 240-360 pb! used for B physics

1-Feb- 1-May- 1-Aug- 1-Nov- 1-Feb- 1-May- 1-Aug- 1-Nov- 1-Feb- 1-May- 1-Aug- 1-No

M Lost ~ 100 pb! due to Central R
Tracking Chamber ageing problem

Luminosity (f5")

@ Now completely resolved
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Data samples

J/y samples:
Millions! ~ 20% are from B’s
Reconstruct exclusive B/Ag=>J/y K/AY modes

Semi-leptonic B = D lv X samples:
~ 100 K events with fully reconstructed D

@ DO has larger muon acceptance

M@ CDF lowers lepton trigger pt by requiring
additional displaced track

Fully hadronic decays (CDF only)

~ 10 K events fully reconstructed B’s

Requires trigger on secondary vertex (SVT)

Moriond QCD: March 2005

J/y Mass Silicon Selection

x10° CDF Prelimina
<
s Ny, ~2x10°
* o=~14 MeV

0
295 3 3.05 31 315 3.2 3.25
JIy Mass (GeV/c)

Thu Aug 5 20:26:38 2004

DZ Run II Preliminary, Luminosity=250 pb E

Jhy — pu*
N=121+001M /
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B hadron lifetimes

B hadron decays dominated by C. Tarantino, hep-ph/0310241
October 2003
b-quark decay

Effect of spectator quarks can be ‘
included with perturbative 0

0951105111151 095110511115 1.2

expansions in terms of 1/m, (HQE) ) /e (Balso ) /% (Ba) o

Bl Non-perturbative ME from lattice, : . A-

08509095110511 08509095 1.05 1.1
/T (Bg /thNLo

Wilson coeff. from perturbative QCD

@: NLO improves agreement

M Ratios reduce theory uncertainties

Experiment e TS TRt By
Theory
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Lifetimes

HFAG 2004 averages as of summer 04 (hep-ex/0412073 Jan. 2005)
B0, B+ dominated by BaBar/Belle (latest not yet included in HFAG average)

M Best result from Belle: = calibration result for Tevatron measurements <
& BO0: 1.534+0.008+0.010, B+: 1.635+0.011+0.011, ©(B+)/t(B0)=1.066+0.008+0.008

Bs, Ag: dominated by CDF/DO, LEP
©(B*)/t(B?): No Tevatron Run II results included
Bs: Includes Run II DO J/y¢ (220 pb!), CDF J/hyo (240 pb!)

& See talk by S. Burdin for new AI'/T' measurements

Ag: Includes Run II DO J/WA (250 pb!), CDF J/wA (65 pb!)

(0.803 £ 0.047)
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[ifetimes with B2>1vDX odes

f

Highest statistics samples
Difficult systematics:
M Sample composition for Bu, Bd
@: Cross talk from D**, D* /
M Backgrounds:
@: Combinatorial

@: Physical: B>D®D®™ —
un reliminary
#: Prompt: c-cbar, b-bbar, D+fake 260 pb-!  Combined lepton-D°

fit prob. = 0.754
—All

Recent result from CDF with low | N D

statistics lepton pt > 8 GeV sample

T(B*) = 1.653+£0.029+0.032 ps, T(B?) = 1.473+0.036+0.054 ps
T(B+)/t1(B0) = 1.123+0.040+0.040

Very high statistics secondary vertex

—_
o

Candidates per 25 um

| 13,300
triggered sample still under study | Signal events

-0.1 0 0.1 0.2 0.3
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[ifetime ratio with B=21vDX modes

DO: new method to determine Tt(B+)/t(BY):

Fit the ratio of the lifetime distributions

M Many systematics are reduced in the ratio

M Best measurement of this ratio at Tevatron
7(B*)/t(BY) =1.08+0.016+0.014

Entries/20 MeV/c?

~ 0.35 0
X _ DO 16 1.8 2
S 1
=) 440 pb m(Kn) GeV/c?
é = 126,000 DO/ “o 104 (b) DO
—_— oﬁ
[= Hq:{_ 2 6% s uwDr
ZE = 10 3 ’ 00 ] U+ EJOTIZ+
+ g !
E 1]
2
=
| L

L L L | R R L
-0.1 0 0.1 0.2 0.3 0.4
Visible Proper Decay Length (cm)

=0 =0
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Lifetimes with Bs=21vDsX modes

JEEEE

First high statistics Bs lifetime
measurement from DO
Use Ds* = ¢om* decay

Difficul kgroun matics: *
cult background systematics iy, B
& Combinatorial ¥ “‘*m
® Physical: BSOD®D® M(om)

| NN N I T Y S I e |||||
& Prompt: c-cbar, b-bbar, D+fake S 2 Mm{wzﬂ‘;wcﬁz

—
(=)
—

-
=
=
=

+ D@ Run Il Preliminary
I

»

Eiﬁ

¥’Idof = 0.98

: Np, =5153

Candidates / 10 MeVic?
[=-]
=
=
"E‘I T T | T T
W,

£7
%,
£

A
wn

Currently best measurement
T(Bs) = 1.420+0.043+0.057 ps

Events / ( 0.005cm )

Source Aer (pm)
Detector alignment [§] +5.0
Background estimate +15.0
Selection criteria +3.6
Decay length resolution +1.6
K-factor determination el
Non-combinatorial background ey AT 020 0 01 02 03 04 hE g
Total +17.0 Pseudo Proper Decay Length (cm)

'P.I\IIHI| I \I\IIII| T I\IIH\| I \II\III‘ T TTTTI

Systematics
Summary (LLm)
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Lifetime with hadronic decays

CDF: B- ct-efficiency

0.0763

First measurement with Secondary | 1097/ 124

0.8164
27.69+2.18

Vertex Trigger biased samples | ] 0011210005

0019651000112
4.7211 0.862

Trigger/analysis ct-efficiency curves [ P G023 £ 000130

-223.2+1025

from “realistic” MC _ o4 54 los Sl
Check by emulating trigger cuts on
B+*=> J/y Kt
Use several final states
: DY [8380 ev.] (D>Kmn)
BO: D** [5280 ev.] (D*>Knn)
D*37w [4173 ev.] (D*>Knn)
Bs: Ds w* [465 ev.] (Ds=>¢m)

Ds 3n [133 ev.] (Ds=2>¢m)
L |
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Lifetimes with hadronic decays

JEEEE

More statistical power than
JAy modes

Slightly larger systematics
M Efficiency curve

CDFIl Preliminary L=360pb™

Trigger Scenario:

CDFIl Preliminary L=360pb"
SCA + SCC +LPT

£
o
w
g
>
[]
=
o
o

TR T[T [T

A backgrounds

T(B*) = 1.661+0.027+0.013 ps
T(BY) = 1.511+£0.023+0.013 ps
T(B,) = 1.598%0.097+0.017 ps

; 58 5
5.8 5 Mass [GeV/c']
Mass [GeV]

CDFII Preliminary L=360pb™

Systematics (LLm)

= T + Bs— Dgm : ‘
Effect | Variation(pm) | Variation(gm) 5 3 BS % Dsﬁ - .
0 T s f s N
. B . Bs. ; CDFIl Preliminary L=360pb - + poKK : | k
MC input er negligible negligible z m’E ; ety
pr reweight 1.9 1.9 s F - 10 3 Trigger Scenario:
Scale Factor negligible negligible TELL . SCA + SCC +LOWPT
Bkg ¢t description 1.1 1.1 HE
Bkg fraction 2.0 2.0 ? : i
I.P. correlation 1.0 1.0 il - L J
Eff. parameterization 1.5 1.5 i 050 DosEodl s 02 0250 03 033
. . . . 0 0.05 01 0.15 0.2 0.25 0.3 0.35 0.4 5
L, significance negligible 2 iE ,
AT, - 1.0 by
Alignm. + others 2.4 2.4 i :
P .05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.
Total 4.2 4.7 .
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Lifetimes: new results summary

Many new results not included in HFAG 2004 averages

To come:

M CDF high statistics semi-leptonic results

M Ratios in several modes
@ Updates on Ay

CDF semi-

A

0.89010.072/'

Included in
HFAG averages

(1.2220.20+0.04)

M Red = Very recent! Just approved

CDF leptonic (Hi D0 semi-
Lum. (CDF y modes D0 v modes |hadronic pt) leptonic (\|l) HFAG
pb-1 240 220 (250) 360 260 400 2004
B0 1.539+0.051+0.008 |1.473+0.051+0.023 [1.5110.023+0.013(1.473+0.0360.054 1.534 +0.013
B+ 1.662+0.03320.008 1.661+0.027+0.013(1.653+0.029+0.032 1.653 + 0.014
B+/B0 [1.08+0.042 1.123+0.040+0.040(1.08+0.016+0.014 |1.081 + 0.015
Bs 1.369+0.100+0.009 [1.444:+0.094+0.020 |1.598+0.097+0.017 1.420+0.043+0.057 [1.469 + 0.059
Bs/B0 0.980+0.073+0.003 0.958 + 0.039

F. Bedeschi, INFN-Pisa

1.232 £ 0.072




Neutral B’s mix:

SM interpretation with box
diagrams
@ Frequency Am, o< [V, [?
@ Constraints to CKM

weak due to theory
uncertainties

& Theory accuracy ~5%
in ratio Amy/Am,

L T T T e 7| S

= 8 Am & Am \\\ -

Bd mixing measured and ol i X\% |
established clearly 5 F = /’x 2
W LEP, CDF-1, CDF-2, 4f s — f
DO-2, : N ;

Bs mixing not observed

M Limits set by LEP, SLD,
CDF-1
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B mixing

Basic ingredients for the measurement:

High statistics samples of neutral B’s in flavor specific decays
B CDF: J/yK, Dx, IvDX
M DO: J/yK, IvDX

Proper decay length reconstruction
M Fully reconstructed modes provide better accuracy

Tagging of flavor at production (flavor tagging)
@ Key problem at the Tevatron!

M Equivalent statistical power: N €D?
& € = tagger efficiency
& D = tagger dilution = 2*1n-1 (n = probability of correct tag)

Measure: A(t) = (N, -N_)/ N =D cos(Am t)
N, (N ): number of B’s with same (different) flavor at production and
decay

Mixing measurement calibrates dilution
M Impossible for Bs until oscillation observed

Moriond QCD: March 2005 F. Bedeschi, INFN-Pisa




B, Mixing

HFAG Summary
Based on result

presented in summer
2004

World Average
dominated by
BaBar/Belle

Moriond QCD: March 2005

ALEPH
(3 analyses)

DELPHI "
(5 analyses)

OPAL
(5 analyses)

ﬁ
m—— |)() Ky

(1 prel. analysis) I

BABAR
(3 analyses)

0.44610.026+0.019 ps™
0.519+0.018+0.011 ps™
0.44410.028+0.028 ps™
0.47940.018+0.015 ps™
0.495+0.03310.027 ps™
0.5330.031+0.012 ps™
0.456+0.034+0.025 ps™
0.500+0.0080.006 ps™

0.50620.006+0.008 ps™

average of above
after adjustments

ARGUS+CLEO
(x4 measurements)

0.502+0.006 ps™

0.493+0.032 ps™

I world averagel

|0.502i0.006 ps’ |

0.4

: working group average
without adjustments

0.45

0.5

Am (ps'l)

F. Bedeschi, INFN-Pisa



Opposite side techniques (OST):

CDF: totaleD?*~ 1.1 - 1.4 %
@ Soft Muon Tag
@ Soft Electron Tag
@ Jet Charge Tag

DO0: eD?*~1.1%
M Enhanced muon tag eD? ~ 1.1%

#: Add-in correlations with associated
jet in likelihood

Opposite side

Same side techniques (SST):
Sign of nearby track is correlated to
b type (SST)
M Tagging power depends on B type
@ PID helps for Bs
M eD? ~ 1% for CDF&DO in Bd

Moriond QCD: March 2005
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B, mixing

2 recent results from CDF using 355 pb-! and OST

Semi-leptonic sample: 124k 1D° (24k 1D**), 53k 1D+
3l Am, = 0.497 £ 0.028(stat.) + 0.015(syst.) ps™*

Hadronic sample: 5.3k yK*, 2.2k wK*, 6.2k Drt-, 5.6k D1+
M Am, = 0.503 £ 0.063(stat.) £ 0.015(syst.) ps’!

CDF Run Il Preliminary L = 355 pb'1

Frt projection. oaa. 2 5 K B > D

| —— Unbinned fit )
T _l_ 1D sample | Average all taggers

Asymmetry

e Data
— Fit projection
0.05 0.1 0.15 0.2

proper time [cm], ID+ 0.1 0.15 0.2

proper time [cm]
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B, Mixing
These results obtained using many CDF had CDF semi | D0 semi
features important for Bs mixing [Freee, % % %

Unbinned fit OST u 0.46 0.50 1.07

Parametrized dilutions/' OST e 0.18 0.28
Calibrate dilutions OST jet 0.49 0.61

Test amplitude scan on fully Total OST | 1.13+0.18  1.38+0.10 1.07
reconstructed B i CDF Run Il Preliminary L ~ 355 pb’
Fit D*A*cos(Am t) at fixed Am N B iy sBors
Expect A=1 for Am ~ Am, Limit e
Limit (95% CL): S i
2 '] ST -
@ Am such that A+1.6456, =1 5%1 ZH+*+++ +++ ﬂ Se}lSlthlty
Sensitivity: Am such that 1.6456, =1 0 ﬂﬂ
j ++++++++}
H. G. Moser, A. Roussarie, j
NIM A384 (1997) Al - . —_—
0 05 1 15 2
Moriond QCD: March 2005 Amy [ps ]



Bs mixing

SM Fit (2004): Am, = 18.3 + 1.6 ps’!

Tevatron experiments do not
have yet SenSitiVity for "+ datat 1o A 95% CL limit le’l.Sps'l

- 16450 < sensitivity ~ 18.2ps”

observation of SM prediction [EEIEu—G—GG"

[ ] data= 1.645 G (stat only)

CDF:

| with combined fully
reconstructed and semi-leptonic
modes (this talk)

DO:

B | with semi-leptonic modes
(S. Burdin talk)

75 10 125 15 175 20 225
-1
Am, (ps)
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19/23
—>hadronic peaks

CDF: Bs miXing (SignaIS) - semi peaks

CDFII Preliminary, 355 pb'I, B,— D, D— 6

Hadronic analysis: Bs>Dsm
~ 900 events

Cross-check with hadronic lifetime analysis
(independent group)

Semi-leptonic analysis: Bs2>Dslv
~ 7.5k events
Cross-check with parallel independent analysis

Channel Yield

Bs—Dsnt (Ds—¢m) 526+33
Bs—Dsnt (Ds—K*K) | 254421
Bs—Dswt (Ds—37) 116+18
Bs—Dslv (Ds—¢n) | 4355+94
Bs—Dslv (Ds—K*K) | 1750+83
Bs—Dslv (Ds—3m) 157388

Moriond QCD: March 2005

—
=
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1
=
©
©
~

A0
[}

Candidatgs per 10 M
B (-] (=] [*)
o (=] o o

N
o

-

o
o

—— Data

—— Fit Function
B~ D,n
B.— DK
B— DX
combinatorial
background

¥2INDF = 132.7/125

et ik ,,‘.‘,v'ﬁ"'ti

0
4
2F
OF
2F
7

P | LI S S |
5.5 6.0 6.5
K*K'wr mass [GeV/c]

CDF Run Il Preliminary

B — VD (D, > o )
CN(ID,) = 4355 + 94

Right
sign

195 200
mass(KKn) [GeV/c?




20/23
—> Details (K-f)

CDEF: Bs mixing (cross-checks) 7 (<=0

(0.-SK)
21 (had, ID)

Mass and lifetime projections S

Mass and lifetime consistent - -
with World Avg. values/D0 E .| — fit
0 10 [ B, —» D, n*
21 NDF = 43 92 / 40, Prob = 30 89% T‘% E D eflections
N —- data 0 -
S 150 - ﬁ Bs>Dst — fit " & background
@ B, — D, m* _F_-_) 10 -
= . W] -
reflections S -
< = B
— background S B
s 100 B. —» D, K* cC s
Q M i
0] @) l
)
.Ei 1 :_ - -
O 50 - |
-c L L I
c
© =
@) g 2 1
21
5 E 04
E _FE _1 -
= ©
i = 0.0 0.2 04

roper time [cm
54 56 58 6.0 prop: [cm]

K* K 7 1, mass [GeV/c?]
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CDF: Bs Mixing (scans-1)

Amplitude scans all statistics dominated

L~355pb"

CDF Run Il Preliminary 4] = datatic ~A 95%CLImit 0.0 ps’

16456 \O sensitivity | 0.4 ps”

6 | = datat1c /A 95%CLImit 7.7ps’
1.6456 \ O sensitivity 7.3ps’ data+ 1.645 ¢
4 data+1.645 ¢ *L 2 data + 1.64@'5 (stat. onlt.l0 }
1 data + 1.645 ¢ (stat. only) T 8 i l |

g | = TNt Al
o sLLU4] = oM : ol TTFRNVAL e |
22 w | 4 s © T +| i + * | H j
ol E
£ y z |‘ | < H Hﬁ |
< 0 ;++ﬂ»uu| .||%“‘ I -2 1

Am, [ps’]

w
o

Total

N
ol

combined

N
o

Prompt Background
fraction

-
)]

Prompt Background
Dilution

-
o

Physics Background!
Dilution Scale

Systematic untertainty (%)

[6)]
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22/23
—> Old projections

CDF: Bs mixing (scans-2)

O sensitivity 8.4 ps’1

data+ 1.645¢
data + 1.645 ¢ (stat. only)

\ 4
. Amplitude

Combined scan results:
7.9 ps1 95% CL limit

Sensitivity: 8.4 ps-!

Effect on World Average:
Limit: 14.5 = 14.5 ps’! \ el

Sensitivity: 18.2 2 18.6 ps!

Amplitude

20
Am, [ps'1]
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Conclusions

Many new results from the Tevatron

Major new results in Bs sector
More Bs results from DO (talk by S. Burdin)

Lifetime updated and more to come
First CDF/D0 Bs mixing limits

@ Lower than expectations

@ Additional improvements could reduce the statistical error on the
amplitude by up to a factor two with same data set

[ It 1s a very difficult analysis, but now we are in business
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