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Vs = 1.96 TeV
— Both experiments have now > 2.5 fb-! on tape.
— Aim for 6-8 fb-' by 2009
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CDF-Detector

» Tracking: Silicon Detector + Drift Chamber (COT)

 PID: chamb®d(s
ToF,
dEdx (CON

|
Calorimeter

 Huge background: SOTE

QCD 1000x larger —
trigger to find secondary |
vertex
e 2-track trigger (TTT): |
« Pt(trk)>2GeV/c
e IP(trk)>100 u m

* Di-Muon Trigger

07/20/07 Michael Milnik - HEP 2007 3



Mixing Introduction

 flavoured neutral mesons

can turn into their
antiparticle via box
diagrams

— measuring oscillation

frequency
— measure |V,

* Am ratio -~ measure one
side of unitarity triangle

(many theoretical

uncertainties cancel In

ratio)

* new physics can influence
oscillation frequency

- test of Standard Model
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Mixing: Overview
 For mixing you need 3 ingredients:

 Get flavour at decay
e and at production

(frag >
K /] .
D™~
opposite side | same side ‘g’

e good proper time resolution for decay vertex

reconstruction — mixed or not mixed after a specific
time
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Decay Flavour and Channels
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* Flavour specific modes, to get b
flavour at decay e Yttt
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07/20/07 Michael Milnik - HEP 2007 6



Production Flavour: Flavour Tagging

 Estimate flavour at from the rest of the event
— Opposite side - NN combination: €éD?=1.8%

* Lepton identification: b » XI-, but cascade: b ¢c- XI*
« Jet-Charge: inclusive charge of fragmentation
* Kaon identification: b-» ¢ XK

— Same side: > eD?=3.5% (hadronic) — eD?=4.8% (S.L.)

- Kaon identification: the other s quark not in the B, will create a K

jet :

lepton
| A b b / K
B hadron _..- {-Xfrag )~
T primary vertex = 5@ " ~=~a._ c/
K .“'-‘l“.‘"‘b
opposite side | same side Ds g‘
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Proper Time Resolution @ CDF

®

« (Good proper time resolution
requires excellent tracking as close
as possible to the interaction point

— Excellent tracking with large
drift chamber (COT) /

— followed by the silicon detector
with closest layer at about 1 cm
from beam for good vertex
resolution
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Mixing Results

Ps(t,ﬁ,at) X 1+¢]

fit only@mplitudeand fixdrequency

scan through frequencies

14£AD cos(Amt) 1

T

e—t/’r

Fourier Analysis which should

have maximum at true
oscillation frequency

unbinned maximum likelihood fit

>50 significance :

« Am_=17.77 £ 0.10 £ 0.07 ps"
- [V /V,|=0.2060 + 0.0007 (exp)

*0-0081 ) 1060 (th€0.)
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A, — JIW A

Fully reconstructed decay

channels

Control channels with very € A

similar topology: PV

— B - JIP K,

— B° - J/P K*

- B* - JY K+ lifetime info

_ Bos . J/l_lJ 0 A from here "

di-muon vertex used for X y T 'y
f )

lifetime measurement

JI - pp - di-muon Trigger: g V4
— 2.7GeV/c? < M(up) < -//H o
4GeV/c? K, T \n

— Q(u)XQ(,) = -1 >

’.--—"
— pt(u)>1 5GeV/c @ =vertex constraint
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Control Channels

CDF I Preliminary 1.0fb™
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g + Dhata
= B0 — Drata fit
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+ Data
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Control Channels

BY lifetime measurements

B* lifetime measurements

SLD (ABE 97])
L3 (ACCIARRI 985)

CDF (ABE 98Q)

1.660+0.060+0.050 ps

1.660-0.060+0.030 ps

1.63740.058 (+0.045-0.043) ps

BABR (AUBERT 01F)

BABR (AUBERT 02H)

CDF (ACOSTA 03C)

—
1.546+0.032+0.022 ps

i
1.529+0.012+0.029 ps

Y

1.497+0.073+0.032 ps

OPAL (ABBIENDI 997) G | BABE (AUBERT 03H) forme ]
1.643:+0.037£0.025 ps 1.533£0.034+0.038 ps
ALEP (BARATE DOR) 4 1 DLPH (ABDALL. 04E) ]
1.648+0.049+0.035 ps 1.531+0.021+0.031 ps
BABR (AUBERT 0OFI) ——— CDF (ACOSTA 05) ——————
1.67340.032+40.023 ps 1.540+0.050+0.020 ps
CDF (ACOSTA 02C) & | BELL (ABE D3B) -
1.636+0.058+0.025 ps 1.534+0.008+0.010 ps
DLPH (ABDALL. D4E) —tir— D0 {ABAZOV O3W) ]
1.624+0.014+0.018 ps 1.530+0.043+0.023 ps
BELL (ABE 05B) i BABR (AUBERT 0aG) e
1.635+0.011+0.011 ps 1.504+0.013 (+0.018-0.013) ps
CDF Run 11 Prelim. f— CDF Run II Prelim. e
1.630+0.016+0.011 ps 1.551+0.019+0.011 ps
World Average 1.638+0.011 ps World Average 1.530+0.009 ps
14 148 1.56 1.64 1.72 2 13 14 1.5 1.6 1.7
B’ lifetime [ps] B" lifetime [ps]
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Control Channels

B — J/w ¢ lifetime measurements

CDT (ABE 98B) i 2 1
1.340 (+0.230-0.190) £0.050 ps

CDF (ACOSTA 05) —t—

1.400 (+0.150-0.130) +0.023 ps

DD (ABAZOV O5B) b— ]

1.444 (+0.098-0.090) +0.020 ps

D (Run 11} ——

1.490+0.080 (+0.010-0.030) ps

CDF Run II Prelim. =

1.494+0.054+0.009 ps

PDG World Average | 1429+0.088 ps
PDG Flavor specifie —t—i
1.442+0.066+0.000 ps
0.6 1 14 1.8 2.2

B — Iy ¢ lifetime [ps]
07/20/07
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 All control channels
provide excellent
lifetime measurements

 Consistent with world
average

D B

PV

HEP 2007 13



A\, Results
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=
= ol + Data
-+ — Data fit
E 140 [— [ signal region
= Il Bkg regicn
> 120[—
w MN{Jiy A)=532
100 F
80 +
o f = 60|
N(J/pA) = 532 "
20

cT(AY)) = 473.8423.1(stat) £3.5(syst)um e
Mass{J/w A) [GeV]

T(AY) = 1.58040.077(stat)£0.012(syst)ps Signal region CDF I Preliminary 1.0t

E . Data

2 ! I signal
a2l I#} — Bhg

g s + — Signal+Bkg
o |y

| 1=1.580+0.07Tps

10

r &
-015 04 005 0 005 04 045 0.2 025 03 035
et (Jiy A) [em]

07/20/07 Michael Milnik - HEP 2007 14



A\, Comparison

A, lifetime measurements

CDF (ABE 96M) e
1.32020.15040.070 ps o f WA
ALFP (BARATE 980) i L
L 1.210+0.110+0.000 ps 30 deVIatlon rOm
OPAL (ACKER. 98G) ———
1.290 (+0.240-0.220) £0.060 ps
DLPH (ABREU 99W | 1 1 Hpg.
; 1.110 {+0.190-0.180) +0.050 p=s * Llfetlme ratlo'
DO (ABAZOV 05C) ffiy
1.220 (+0.220-0.180) £0.040 ps T{j&ig )
DO (Run 1) —a—i _ Do 2 ot - —_
" e o M (5o 1.01840.062(stat)+£0.007(syst)

DO (Run Il Semilep) it

1.280 (+0.120-0.110) +0.090 ps

o 1

CDF (hep-ex/0609021) Tt

1.593 (+0.083-0.078) £0.033

CIVF Run Il Prelim. ft

1.580+0.077+0.012 ps

World Average 1.230+0.074 ps

-0.4 0.2 0.8 1.4 2 2.6

Ay lifetime [ps]

07/20/07 Michael Milnik

Theory prediction:

T(A?)/7(BY) = 0.88 + 0.05
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Summary

- First observation of B_%-B_° Oscillations >50

— very precise Am_, measurement
— Published: Phys. Rev. Lett., 97, 242003 (2006)

» Most precise single A, lifetime measurement

— other b-hadron lifetimes agree with world average

— N\, lifetime is 30 above world average and at the upper
side of theoretical prediction

- N\, - A_tlifetime measurement in progress
* More info @:

http://www-cdf.fnal.gov/physics/new/bottom/bottom.html
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