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w The “Beauty”

The “bottom” or the “b” quark
> Second Heaviest quark amongst the quark family
> Discovered at Fermilab 1in 1977, 1n a fixed target experiment.
> Produced at the Tevatron in abudance
via three main processes:

=]
=
]

o

+» Direct production
» Gluon fragmentation

» Flavor excitation
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B Hadron

B hadrons — Produced as a result of hadronization of b quark

B meson Composition %age production Lifetime (ps)
B* bu 38 1.671+-0.018
BO bd 38 1.536+-0.014
B, bs 10 1.461+-0.057
. bc 0.001 0.46+-0.16
Rest A, baryons

B hadrons decay via weak interaction — simplest description
by spectator model

TR .
Ww- d,s,ig b e
b - - & i —4*\ d,s
i - i ;
08/29/2006 Md Naimuddin



w Mixing

Mixing: The transition of neutral particle into it's anti-particle,
and vice-versa

> First observed in the K
meson system. b V. ¢ V. d.s
> In the B meson system, first < : < : <
o -
observed in an admixture of B® & W W B°
| |
and B,° by UAT1 and then in B? > > >
d,s V. f V.,

mesons by ARGUS in 1987.

These oscillations are possible because of the flavor-changing term
of the Standard Model Lagrangian,

(d)
L=-3 (i) Vewr.| s | W*+he.
V2 b
\“J°L
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cd ¥ cb

Wolfenstein parametrisation- expansion in A ~ 0.22 arg{_\%} arg{_vcdvcf}

CP violation in the Standard Model originates due to a complex
phase in the CKM matrix (quark mixing).

08/29/2006 Md Naimuddin



Mixing In B mesons

Time evolution follows

from a simple

' - M,,—il,, M,,—il
perturbative solution to id(|B(t)>j( 11 ' 11 W ' 1zj[|B(t)>
the sl AUB(t)>) (M —1l5, My, il \|B(E)>
equation

Light and Heavy B mesons |BL>=p|B>+q[B>

mass ~ eigenstates differ |B -—p|B>-q|B> -

from flavor eigenstates:

Am=M, -M, Al' =1, -1,
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Mixing In B mesons

-I't \
e Al t
P(B —» B) =——| cosh ——+ cos Amt
2 \ 2 y,
_ _ -t o \
0 e Al't
b B° P(B — B)=—— cosh —— —cos Amt
2\ 2 y
1 _
In case AI'— 0, Pu,m(t): 2_Fert(1icos Amt )
_Gim!nF(m}/m; ) 2 . 2 Similar equation
Amd_ 671'2 dedeBBd thth forAms
Vgl from Amy limited by ~15% f2,,Bg, = (228+30+10 MeV)?
-. consider ratio  4m, _ ", LA A

2
: V. £2 =1.2140.02°0%

2 2
Amy, my, 7 B, BBd ‘th‘ my,

2
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standard model Expectation:
Am_= 14 - 28ps™
Am,= 0.5ps™
measurement of Am_/Am,

— \7 /V
constrain unitary trlangle

I T yl/ T y 7T T
excluded area has CL > 0.95 \ 7]

T | T T T
sin2f Am, i

" |Vub/v cb|

Determine |V (|/|V 4| ~ 5% precision

-0.2

K mixing = direct & indirect CPV

B, mixing = heavy top mass
v mixing = neutrino mass # 0

08/29/2006

sol. w/ cos 2p<0
(excl. at CL>0.95)

B, mixing = 7?7?77
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w In an Ideal Scenario..

Production Flavor = Decay Flavor

p(tlj

S
-\j

(D) = e¥{1+cos(Amy) Oscillations with amplitude = 1.0 and
Frequency = Ams.

% 15 Mixing Asymmetry
E’ o A(t) = cos(Am_t)
B e E— _ 0.5
Decay Time [ps] A(t) — NOS NSS 00% /\ A /\ /\ /\ /\ /\ /\
0.8 Production Flavor # Decay Flavor : NOS + NSS _0.5__
0'0-72‘ p(t)zzi.c e1-cos(Am.t)] |

0.6 -1.0F

0.5} -
: B S
0_4;_ 0 1 2 3

0.3f Decay Time [ps]

0.2f
0.1
T R S

Decay Time [ps]
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Fermilab Tevatron
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Highest Luminosity achieved:
1.9x10%? cm2/s
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f (1 TeW}
e

B ':-—"
B o1 Tewn

D& DETECTOR L sby

& LV BETA

Expected: 2 — 3 x 1032 cm™/s
= 4-8 fh~! before LHC

All B species produced including Bs mesons
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Data Taking

Excellent performance by the Tevatron and we are doubling our
data set every year.

D0 & CDF Run Il Integrated Luminosity

through 18 February 2006

— CDF Delivered (from February 9th 2002)
— D0 Delivered (from April 19th 2002)

CDF Recorded (from February 9th 2002)
— D0 Recorded (from April 19th 2002)

—
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Data taking
efficiency 1s

~ 85%.

We already have collected about 10 times of run 1 data.
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w DO Detector

« 2T solenoid
 Fiber Tracker

8 double layers J A

e Silicon Detector i

* upton|~3 e

Preshowers

2T Solenoid

Fiber Tracker

Silicon p-strip Tracker

Forward Muon
o Track|ng+Tr|gger

 forward Muon + < =
Central Muon :
detectors L

 excellent coverage snieding

|

!
i 10 ¥
f o
. iy
r - \\_l-
§ AR
S o] | SRR
R TN RSN
‘\\".: e, N '\'_\__' ﬁ\ \\\*tx\,‘\qt\ '.;Q:‘*c\': |
b iRF AR L '»'m.\\.\ R \J'J ANE :
L

mi<2 Ph

Centra Muon
Scintillators

EM and Hadronic
Calorimeter

I | !
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* 6 barrels: 4 layers, single/double
sided

B 4 p-zide: +7.5°

e n-side; -7.5"

* Single hit resolution of 10 um, S/N >

1 O Ep,‘??‘ 4

1

L3

*Tracking out to [n| ~ 3 (0 ~ 69)

*Layer “0” installed at r ~ 1.7 cm
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CALORIMETER

END CALORIMETER

Quter Hadronic
(Coarse)

Middle Hadmonic
(Fine & Coarse)

CENTRAL
CALORIMETER

Electromagnetic
Fine Hadronic
Coarse Hadronic

Inner Hadronic
(Fine & Coarse)

Electromagnetic

Single inclusive muon triggers n|<2.0, P>3.4,5 GeV
Muon + track match at Levell and muon at L2.
Dimuon trigger: Other muon for flavor tagging

At low luminosity 15 -20 X 103 cm?/s: 25 Hz out of
50 Hz at L3

08/29/2006
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Benefits of large
1 coverage!
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D DO Trigger System

1.7 M Collisions/Second — Not all interesting

Three Level of Trigger system — To select events of interest

g e

ot L2 TAGEER
* i f'.'ﬂ"l’nl.‘n‘:'ﬂi f i
Ll I A

2.5 MHz Bcnch Crossings

Muon Triggers: catf—=fen ] e L
i =4
Single and double Y m— "
. . CTTIR 7
muon triggers are o g | W | e T
un-prescaled at low | +SvereE | o | Lk o |
luminosities and - T
L ¥ =
prescaled or turned . - L
. 3 MOT _:Hm:n & | Bucn
off at medium and L3Sl _41|_r=
PLYI * .

122 4 i s
af 2ok ntelll,
(ruli-detestor Sl loas)

higher luminosities.

40-50 Fe 1> Tape Sloruge
L1 E; toweis, track:
ccrstent with e p, j

Level 1 Calorimeter trigger upgraded completely this summer
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D) CALORIMETER CUT VIEW

+ Transverse segmentation
An X Adp=0.1x0.1

+ At shower max. (EM3)
An X A¢ =0.05 x 0.05

Layer CC

EM1.234 Xo:2,2,7,10

3mm Ur

Make Optimal use of fine
granulairty of the DO calorimeter

08/29/2006 Md Naimuddin 17



w Level -1 Cal Trigger

Four Adjacent calorimeter towers — Trigger Tower
Total of 1280 EM and 1280 Hadronic TTs.
Upgraded 1n order to:

» Cope with the high luminosity in RunlIb

» Correctly assign the bunch crossing number, Sharper turn on curve, etc.

[EM precisicn w= 2611 fa=v] | Hia, O |skon ws PhTT
5d a

4 = - 43

u;_ ,.:z-""(a‘- i

N -

:'_'_l!_'_'_'_'“l'h_'_'_'_"!'h_'_'_'_'ﬁ'h 2 o e 4:] 1 '|:: ................... q:] P
(B aTTvs2aTTisewy | [HapenTTvszaTriseny
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D Online Monitoring

Once we have our detector and trigger running, we reconstruct the data online in
real time and display the distribution of high level physics objects using a suite of
software called “Global Monitoring”.

Two examines runnig 24X7 and the plots monitored by the shifter.
Trigger examine: monitor the triggers by reconstructing the triggered objects.

Physics Examine: Monitor the physics part by reconstructing the physics objects
like electrons, muons, etc.

[ Fun: 224262 - N {Prob: 0.215) i [ FAun: 224262 - PHI (Prob: 0.216) | PHI
Entha G50 |

Meoan 4555

: e Sl
-ttt

-*Htﬂﬂ

P,

+ .+
%2#651“121#151521}

nﬂﬂtﬁﬂﬂ- 32 34 3.6 3.8 4
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w Analysis strategy

“*Measuring B, oscillations is much
more difficult than By oscillations o1 5
because of the fast mixing frequency. (B.miing =20

e T

Nonmns (8)—No () . I
A_. (t)= N BN (8 =D*cos(Am, t) o008

N€D2 Amsat proper decay time, t [ps]
. Sensitivity oc S+ B

We need to:
Reconst- .
ruction [— Reconstruct the By signal.
Know the flavor of the meson at it’s production

— time (Flavor tagging) and get eD?
_ Nz +Ny, D - Ne —Ny

P N N
{.?Eee " Proper decay length resolution
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| (Amso't)2
o, 0 o 2 X SiJ
w Sensitivity o || <= {/N‘ZD e
X

[ KnK mass distribution |

,N.SOOO ;7
B ESO A4 BS(,) |J+/e+ E:ZZZ
I‘l (e) """""" ﬁ Eﬁoooi
\ 000

v D S K _*; 4000 E
\ K * 3000 i
V‘ - 2000

~ g
1000 |
OELiv e bbbl b e Lo L
1.8 1.85 1.9 1.95 2 2.05 2.1 2.15 2.2 2.25
Mass . (GeVich2)

Sighal Selection
Look for tracks displaced from primary vertex in same jet

as u/electron
+¢» Two tracks should form a vertex and be consistent

K* mass (K*K = KKmn)
% KKr invariant mass should be consistent with
Ds mass
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w Mass Fitting

Large reflection due to mis-identification of kaon and pion.

Event by event fit based on the dependence of mass shift
which depends on kinemetic properties of the event.

The Reflection variable R is given as
R=E, (E-E)/(M,*M,?)

For a given E, . and p,, (= py or p,,), R 1s constant
Fora given E,__and P_, the mass distribution of reflection is

determined only by the detector resolution so can be
approximated by a simple Gaussian.

08/29/2006 Md Naimuddin 22



w Reflection Variable R

00121
c - --- Signal
S - g
> 01— --- Reflection
©
2 0.08/—
< L
0.06/—
0.04—|
0.02—
olx Ll [ [
0 0.5 1 15 2 25 3 3.5 4

R
Distribution of R for signal and reflection MC

Both signal and D™k nn* has similar distribution for R
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w Background function

Background 1s highly dependent on the variable R and can not be fit
with a simple function.

2
ents/7-6 MeVig,

NEV

18 18 19 1% 2 205 21 215 22 225
M(k DK (GeVic %)

For R > 0.22, background 1is approximated with an exponential and

parametrized as
exp (-M/MO);
MO = A0+A1*R+A2*R*R+A3*R*R*R+A4*R*R*R*R
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Fit Projection for 0.22 <R < 0.5 unJJ_Em-IJ-m-IJ]—aL
E $000 PO H V
¥ = D —)1(7T7'C
P b Ds—K*K
¢ E
3000 —
1111 f—
— D+_
1000 :_ M"WT
(peessssvey; 3 2 T
M{kiK [Ge V)
|Frt Projection for 0.5 <R < 0. Bl |Fit Projection for B > 0.8
bmr_ =140
. I
C 24 200)
§m__ g
C }nnn
45%}

LT

SO0

Mk (Ge Vi)

&00

600

o

200

MikiK (Gevid)

08/29/2006

Md Naimuddin

Fraction of
background
changes as a
function of R
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Total Untagged

) DO Runll Preliminary Ds—K*K
\: ote - data 1.9647+0.0006307
_ - t;;a;:lt 0.02576+0.000058
oo 126472739 359361856 D' —> kam
s000F- " Beapisho 1.8603440.00025
000 . 0.02334720.00062
zoo0f 3230258 ﬂ Hrrna, D" — K*K
1000
i Eﬁﬁ L ﬁ_ 1.868814+0.00138
Spesesess 1o 2 2 aa s 0.01877+0.00115
%
All Run ITA data ~ 1.2 fb’! 4
+
Fit only for R > 0.22

08/29/2006 Md Naimuddin 26



w Total untag for M(kn) > 1.0 GeV

Entries © 28199
For M(Kn) > 1.0 2= i 9
GeV, all the signal ¥°F
events are |
supposed to be  _f
rejected. 200

}

If the fitting
technique 1s correct
then this should
reveal in the fit for
the M(kn) > 1 .0
GeV sample.

EREERERL
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ruction

Reconst-

Flavor
tagging

Proper
time

08/29/2006

sensitivity oc

S / NeD? e_—(
S+B 2

Soft Lepton Tagging (p or e):
 Charge of the leptons provides the flavor of b.

Jet Charge Tagging:

* Sign of the weighted average charge of opposite B jet provides the

flavor of b.
Same Side(Kaon) Tagging

* B meson is likely to be accompanied by a close K/n

e particle Id helps
Opposite side Same side
b
Jet gbqrge | neu‘rr'ino
_ ROaNt /
et0<0=b Fragmenfohon
J 0 &4‘_\&\. /Mﬁer lep‘r‘
jetO>0=b \/4:“” < B/

et PV D

Soft \IeiTon

Md Naimuddin
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|
|

28



D ROAD METHOD

Clusters: Road;:

EM EM

One cluster, not purely EM

FH1

Isolate EM cluster & reduce
hadronic contribution.

Try to keep as much energy information as possible.
The width of the Road 1s adjusted to signal strength.

Road based on the extrapolation of

the track through the calorimeter.

Road takes into account the transverse

extension of the shower

08/29/2006 Md Naimuddin
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DE) =M 1D AND e-n SEPARATION

. 0 Distinguished electrons and pions using
] Ldt:4 60 pb' conversions (y—>¢*e’) and K —n*n decays in data
#Htimes10"{3}
40 K> o 45000f
Ery 120, 40000
EMF = T 100] 35000
TOT 80: 30000
; 25000;
60} 20000
E E 40F 1 5000;
_ 4 20l 10000;
P P (traCk) :|\|||\|\|||\lu||\||\||\||\||H|\|||\|\ 5000;
T 0.40.420.440.400.45 0.50.520.540.50.55 0.6 00™0.010.020.030.040.050.060.070.086.09 0.1
M. (GeV) M... (GeV)
2 L
< 01" —C i < M Conversion electrons
= 0 onversion electrons = I
? Mg:_ — Ks pions E 0.08- — Ks pions
3 0.06} g 006
0.04} 0.04-
0.02} 0.02}
0 L L Il 1 1 ‘ 1 1 1 ‘ 1 1 1 | 1 1 1 ‘ 1 1 Il 1
0 v 0z 04 06 08 1

EMF

08/29/2006 Md Naimuddin 30



w Feasibility test in J/yK sample

Reconstructed B* from J/y & Kaon.
J/y is reconstructed from two muons of P+>1.5 and of opposite charge.
Kaon P:>0.5 and decay length significance of the B candidate is >4.5.

The decay length significance of the B candidate is required to be > 5.5, if
P.(Kaon)<1.0GeV.

YV V V V

> 50000- .
O ]

% 1800 *
= 40000 = 000
T o 14001 N
530000_: %1200-; 6361_138
> ] 51000-;
< 20000 > 800
] < 600-
10000 400
200 -
0 . : . . . o+
28 29 3 31 32 33 4849 5 5.15.25.35.45.55.6
Jhy mass (GeV/c) B Mass Untagged(GeV/C%

¢ Since B* don’t mix so one can measure the dilution directly Iin
JhyK sample.
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w TAGGING IN JyK SAMPLE

Electron Tagging:
»Look for an electron with p>2.0 GeV
»EMF>0.7 , 0.6<E/P<1.1 and In|<1.1.

» Angle between the electron direction and
B direction 1.e. A¢ should be greater than
2.5 rad.

**Right Sign (R): Kaon charge opposite
to the electron charge.

“*Wrong Sign (W): Kaon charge same

-

as electron charge. 2

h
L. ""E
Fit:
— -

»Fit with a Gaussian and a second
degree polynomial.

»Tagged, RS and WS is fitted with
background fixed from the total
untagged fit.

., 37£10

12717
- ]
2 70
= ]
2 601
s 501
z 40
301
20% 1 | ] | |
101
L
4849 5 5.15.25.3545.55.6
B Mass Tagged(GeV/C?)
89+12
453 i
407 ;35
25 i |
20-; | ] 5!
153 i H
101
50 | |

0+
4849 5 5.15.25.35.45.55.6

B Mass(rs)GeV/C
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0
48 49 5 51 52 53 54 55 56
B Mass (ws)GeV/C'
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w RESULTS FOR J/¥K

How often the tagging algorithm ‘fires’

Efficiency (&)= ki }Ier

le=(2.040.2)% |

Estimate of how often the tagging algorithm

gives the correct answer

R-W

Dilution (D) =

R+W

Goal is to maximize gD?

Tagging Power = £.D?

For muon taqqer:

|D=(41.2 +12.0)% |

[eD?=(0.34+0.19)% |

Tagging Power, eD? ~1%



WRECONSTRUCHON IN SEMILEPTONIC SAMPLE -

B—=>D* X Bt*—DutX

J'_'If[]_ﬂ' Kn l—.Kﬂ

Ns = 81912 +- 511

J

» We reconstruct D° using two tracks of
opposite charge.

» Add another track of pion to D° track to

get D* mass and adding a muons track
gives B;.

» Since we can't reconstruct By mass

Nevents/ 0.007 |Ciev
o o O
S & B
S O O
S & O

4000
accurately due to missing neutrino so [
we find the total number of D*-D° 2000
candidates which will give us the total 15 16 17 18 19 2 21 22

number of B, candidates. M (GeV) (Total)
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w FITTING PROCEDURE

« We fit the D* sample by a double

gaussian describing the signal 2 g : .
region and a third degree Ocho0k ND™ = 39956+-407
polynomial for shaping the § s
background. S4000¢
» Tofit the D° sample we use %3000f
double gaussian and a second = x
degree polynomial. %ZOOO:
« For Tag_ged sample in d_ifferent Z1000:
VPDL bins, rms and ratio of the :
fraction of events in mixed and Y3 694 05 05 0155 016 01 017
unmixed are fixed from untagged M. - M. (GeV)

sample in that VPDL bin.

 The background is fixed from a fit
to the total wrong sign untagged
events.
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wTAGGING IN SEMILEPTONIC SAMPLE .

« Opposite side electrons with Variable |P#<3.5 |P:#>3.5
P>2.0 GeV and |n|<1.1. GeV GeV

* Angle between B direction E/P >0.55 >0.50

L 0

and electron direction >60°. £/p <10 <11

« Should not come from a
conversion or a Ks decay. EMF >0.8 >0.7

» Using P; dependent cuts f Min CPS |>4.0 >2.0
other electron variables SCL,

> After tagging we divide the tagged sample into seven different bins of Visible
Proper Decay Length (VPDL).
L .M,C

VPDL = —

D"’
F;

L : 0
L,,: Distance between primary vertex and uD® vertex

» We get the number of signal candidates by fitting the mass peak plot.
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TAGGING ...

Ns = 1790 +- 95 Ns = 903 +- 35
= F > > = x?/ ndf 22.44 / 22
8450? % x?/ ndf59.37 / 38 8 350g
34OOE++7 = 300
o gl P C
62(5)8 S 2500
azl & 200-
%2505* = -
£ 200- 2150-
<150 <= 100
100 L N
50C L e S
15 16 17 18 18 2 21 22 dA350.14 0.145 0.15 0.155 0.16 0.165
M, . (GeV) (Tagged) My e - M. (GeV)

* For each VPDL bins we calculate ‘Asymmetry’ as follows:

non—osc 0SC
NN
I Ninon—osc n NZ-OSC

Nom-ose: When charge of electron and muon are opposite.

N5 When charge on electron and muon are same.
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D RESULTS

Asymmetry (oscillation) for entire VPDL bin:

> 0.6r > 0.6:
*é 0.4F 2 0.4f
S 02f > 02
T o < Of
0.2f -0.2
0.4 0.4
065 0615
VPDL (cm) VPDL (cm)
Efficiency=(2.18+0.09)% Dilution=(34.0+4.0)%

Mixing Parameter Am = 0.560%0.087(stat.)ps"!
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Combined Tagging

» Using only Opposite side e, 1, secondary vertex or jet charge
for tagging

> 0.61
g R |

£

<

-0.4

_0 [ b b b b L 1y
-'5.05 0 005 01 015 0.2 0.25

0_ e e e e s e e e eme e e mm e mm e s e o Aim e s mn  hnm s mn S mmn s mmn s

L
Y

_£C0mbln9d045'=ld|"~'ﬂﬁﬂ}

VPDL (cm)

eD” = (2.48 £0.21°™)%

08/29/2006

| B — D*u dil: 0.236 +/-0.027, eff: 0.059 +/-0.001
> 0.6f
@ i
£ 04

D& Runll Preliminary

& i
<

e

0.4 _iComblned02<1d1-=035J

-0 r 11 1 1 | 11 1 | | 11 1 | | 11 1 | | 11 1 1 | 111 1 | 1 |
25. 05 0 005 01 015 0.2 0.25
VPDL (cm)

Tagger tuned using B,
mixing measurement

Am, = 0.506+0.020£0.014 ps'!
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w Total Tagged (K*K)

All the
parameters
except the
fraction of the
events and
background
slope was
fixed to fit the
total tagged
sample.

08/29/2006

22000
>
(<)
= 1800
=
gigsoo
1400
=
1200
1000
800
600
400

200

DO Runll Preliminary |

* dots - data

i_ --- total fit

;_ 2996i145 --- signal

3 e 82078144
%_ --- Background
%;_‘_==:‘£8:AJJ{—jT?3J 2 21 | -52' o &3

9

M(kmK GeV/c )

24 23
PARPIH) |1 G e
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(Am:at_)z
PR S |NeD® ;=%
Sensitivity oc /<= /H2-e

Easier to calculate for Hadronic
decays

Proper decay time given as :

Distance from PV to SV
in transverse plane

Reconst- : Q\
ruction |
Due to missing neutrino, it becomes i
little tricky in semileptonic sample - Boost meson back
';Iggi?\rg Missing momentum => increased ct . toitsrest frame
CIror ( GCt) [ KFactor distribution ] l
Proper decay time given as: o <KD, = 08369
E <K D,=0.8358
2 <k > D= 0.8204
Proper Where 100F- <K;> D'= 0.8027
time o~
T 60;—
PZDS “F
K=— —fromMC .
PB %; ‘ 01.4 ‘ ‘0.5 ‘ 0.6 0.7‘ - 0.8 0.9 1 ‘1‘.1‘ 1‘2 H413
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(Amjat_
PR S |NeD® ;=%
SENSIIVity o \| 274/ 12-e

| Efficiency vs. VPDL (cm) for B—~Dp X |

08/29/2006

g 1'2;_D0 Runll Preliminary
o T T
0.8
Reconst- o
ruction |
0.4
0.2 +
Flavor -8.05I — (I) — IO.BSI — IOI.ll - I0.|15I - I0.2
. VPDL(cm)
tagging
Proper Best estimate of errors used
time in track fitting, any additional
scaling determined from data

snuuf_
auuuf_
:muuf-
zuuuf-

10—

Scale factor =
1.17 +/- 0.02

(largest
systematic)

Pull of J/y vertex from the
primary vertex for prompt J/y s
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D Fitting Procedure

Amplitude Fitting approach:
> Introduce amplitude

P(t) ~ (1 + AD cos Amst)
» Fit for A at different Am,

» Traditionally used for B, mixing search

=
[

. frequency domain analysis

amplitude

=
\\o\\

0.5/

> Easy to combine experiments 0oL AAAL |k A

o5
. 0 10 20 30
Likelihood app roach: flavor oscillation frequency

» Search forv_.

AL™ (v) ==In[ZL(v) |+ In[L(v,,)]
where v .. 1s the estimator of the true frequency.

which minimizes the —In(L),

» Difficult to combine the results from different experiments.
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Amplitude Fit Method

° i _ @ 28 [T T T T T T T T T T T T T T
Fit to data- A free parameter $ ™ [ World average (rel :
= i 7
E" 2r + datatlc & 95% CL limit 14.5ps™ ' 7]
£ [ - L6Sc o sensitivity 185ps’
. : 15 .
« Obtain A as a function of AW{g : — R e

- Measurement of A gives A=1
and 4 =() otherwise

« At95% CL

. sensitivity 1.645 O , =1 Y

. excluded 4+1.6450, <1 __
1k '

« Systematics is given by | I H

AO' B T T TR TR TR T TR TR T

Gzys _ AA+(1_A) A Am_ (ps™)

O,
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Bs mixing limit (K*K)

B, Amplitude| B, Amplitude
-g 6_ [ 3 '
st +datair 1o 3 [ tdatatlc
£ 4_—|:idatai 1.645c (stat.) E 2}l:idatai 1.645c (stat.)
< [ [@datat 1.645 < | Idatat 1.645
2__ el 13‘ ,ii
- . ; S TV
obew ¥ Tel1de2TI]. i § 1 oLl of=rminn Y }{Tf{n**{{}{{}}{
_2__ '1}
B - - - 1
4 ¢ 95% CL limit: 9.3ps" 2: #95% CL limit: 0.2ps" » 0.2ps’(stat. only)
:---G--SenSitiVity:11.7ps-1 kllllllllllllllllllllllllllllllllllllllllllllllll
6L R B % 1 2 3 4 5 6 7 8 9 10
0 5 10 Amg (ps”)

Dominant sources of systematic uncertainty:
Scale factor, K factors, Sample composition and
mass fitting procedure.

Limit: Am_ > 9.3 ps' @ 95% confidence
Expected Limit: 11.7 ps' @ 95% confidence
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PE) Bs mixing limit (Combined)

Ds—¢m

eDs(—¢m)

08/29/2006

Limit: Am_> 14.8 ps' @ 95% confidence
Expected Limit: 14.1 ps' @ 95% confidence

L 25 o
= r DO ALL PRELIMINARY

= 2F

o S -1
f— r + data+ 1o A 95% CL limit 15.0 ps

<€ 15 - 1.645c -~ expected limit 16.5 ps'1

F B data+1.645c

[

o
]
o

@]

o
o
\
(

1 B
=

=
o
|

1
N

- J Ldt=1fb™?t 3

.......................................... \./.|....j

O 2.5 5 7.5 10 12.5 15 17.5 20 225 25
-1
Am_ (ps™)

N
o

Limit: Am_ > 7.8 ps' @ 95% confidence
Expected Limit: 8.2 ps!' @ 95% confidence
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Likelithood scan

Zg egr_*;.;t.tff.*..*;;;; ....................................................................................................................... Probability for this
B 5;_* ............................................................................................................... measutrement to lie in
4;_ ...................................... S — the range
sg_* ..................................................................................................... 16 < Ams < 22 ps- 1
= T *****‘*‘ ******* Given a true value of
| e Ams > 22 ps'!: 8.0%
10 12 14 16 18 20 | 22 24

17<Am < 21 pst @ 90% CL
Most probable value of Am, =19 ps!
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CKM fit with DO result

1.5

1.5 Lo

- T T
i | excluded area has CL >0.95 | § "% : [
i 5 "%-G'o—: 'rlll
: oY
3 X
Wy

08/29/2006
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Does not
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result yet
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1.5 T T T T T T T T T T T T l',l T T I:- T T T T T T T T T T T T

[~ | excluded area has CL >=0.95

1 CDF Measurement

Am, =173172+£0.07

-1.5 [ IR T T T (N TR T T | | PN TN TR TN (NN TR TR TR T I SO T SO | I 1 Ty 4y
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CONCLUSIONS

Decay Channel Am¢(ps?) Limit@95% | Sensitivity(ps™) @ 95%
C.L C.L
D¢ 14.8 14.1
D.—K*K 9.3 11.7
eD ,—¢n 7.8 8.2

17<4Am < 21 pst @ 90% CL
Most probable value of Am_ =19 ps-!

v'We are on the edge of B, mixing discovery and entering into the

precision era.
08/29/2006
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DEJ FUTURE IMPROVEMENTS

Several major improvements are expected in the future:

More decay modes (D,—3r, K )
v" Use of same side tagging.

v" Use of hadronic modes.

v" Additional Layer of silicon.

v" Proposal to increase the bandwidth.

More data: On track for 4-8 fb-! of data by 2009.
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» Back-up slides
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D Mixing in B mesons

In case AI'=> 0, |B, >=p+q{(|B>+|§>)+1_qlp (|B>—|§>)}

2 1+q/p
1-q/p _¢ Measure of the amount by which |B,>
1+qlp B and |B,> differ from CP eigenstates
m:MH+ML F:l“H+FL
2 2
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PE) B mixing and new physics

In the limit of no CP violation in mixing (q/p =1), unmixed and
mixed decay probabilities become

P, ()= 171”_“(1 * cos Amt )

These oscillations can be used to measure the fundamental
parameters of the standard Model and have other far reaching

effects such as breaking the matter anti-matter symmetry of the
Universe.

Constraining the CKM matrix redundantly using different

measurements of the angles/sides 1s a sensitive probe of New
Physics
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PDF’s

M
T M .M pm pipr DY
f, = P (M, 0,0, dy ) PT=" PP PY

The following sources were considered for the entire mass region:

o pD(— K * K) signal with fraction Fr,p,.
o uD*(— K * K) signal with fraction Fr,p+.

uD*(— Knrr) reflection with fraction Fr uDE -

o uAE(— K7P) reflection with fraction Fr WAE

Combinatorial background with fraction (1 — Fr,p, — Frupz — FTHD:I: — Fr Hﬂ)

Fo=Frup, fup, + Frup+ fups + F?'#Di f# £ + F?I}..!..-“Li fp

J"efi

(I_F-F'#D — Fr Di_FF#Dif —FT#ii )ﬁ,kg

= —ZZIHFR

08/29/2006 Md Naimuddin 56



w PDF’s (cont’d..)

K K

pno(z, K, d,,) = exp(————) - 0.5 - (1 + D(d,,) cos(Am, - Kx/c))
T, CTr R,
N ) I - K=z . e ; -
P e Koy, = exp(———) - 0.5 (1 — D(dpy ) cos{Am, - Kx/c))
CTH, CTH,
K Kax
osc K — — e 05
pDSDS (:Ij’ ) CTBE EXP( CTBE )
K Kx
nos K) — _ - 0.5
pDSDS (:I:’ ) CTBE e}{p( CTBE )
K Kax
TLOS KdT: — 051_Ddr
pes(z, K, dp,) p— exp( CTB+) ( (dpr))
K K
SLSC }K-Jd-r = — '0-5' ]-_I_DdT
po (@ pr) CTht exp( CTB+) ( (dpr))
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D Likelihood

P (2. K dyy) = o exp(— o) 0.5 - (1 — D(dy,) cos(Amy - Ka/c))
CTBE C'TBU
g (z, K, d;m") — c‘f;o eXp(_cF:B.;.) 0.5 - (1 + D(dpf) cos(Amg - Kz /c)).
K Kr
PR (5, K. dyy) = — exp(——=) - 0.5 (1 = D(d))
CTA CTA
DSC(J_ }': d j: ie};p( ﬁi::l 0.5 (l—l—ﬂ(ﬂrpr:ljl

CT A T

Minimize £ =-21In f
f= T (0=F s+ FucSive)

candidates

f =P (VPD Lo, .d ) poves pdir pMex plogio y

Pr
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w Scale Factor

J/y vertex

\
\ \ !

‘e
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D Lifetime Fit

| Lifetime for background |  Right ban h_vib
g sl Entries 225720
10° Mean  0.04371
RMS 0.05667

10 dots -- data
- histogram -- fit
10
1=

=
o,
W
T
3

Lifetime for Signal | h_vib_Bs

Entries 1019100
Mean 0.05269
RMS 0.05775

10 dots - data

histogram -- fit
10

10

Fit described by three components:

, peaking background, long lived background
and a negative and positive exponential for the outliers

Lifetime (ctgy) : 407 £ 22 pm

08/29/2006
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