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w Motivation N

0 Standard Model Lagrangian [, = i(u_c_E)L Ve ¥l S

V2 | Y

-1z A
2

Vud Vus Vub 1
V., V. V,|x|-11+id’A'n) 1—512

AV (A -p—in) —AX

Unitarity

(psm)

to CKM Matrix

processes > Consistency check

3/24/2006 S. Burdin /Bs Oscillations/

L

W*+ h.c.

AN (p—in)

AQ?
1

Area of the Unitarity Triangle is proportional
to the CP violation in the Standard Model due

Sides and angles of the Triangle could
(0,1) be determined using many physics




o 12
B, oscillation frequency Am, =V V. | -(QCD parameters)
am. 7|
m
Cancellation of many QCD parameters in ratio S ooc | B
Am, |V

- Determination of V,; with much better precision

3/24/2006 S. Burdin /Bs Oscillations/ 4



B B — B Mixing and Oscillations

g

V2
B> = 7- (189~ [B%) = |B)
Mass Eigenstates Weak Eigenstates
= (il G (o)
I:I _ 2 12 2
B° M — I_EZ M - il B°
\ / \ 2 2 /N /

e Then By and B, are eigenstates with

I AT
masses: mi, = M £ AT’T’ and lifetimes: Iy, =T * 5
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w B—-B Mixing and Oscillations

Extract frequency

e If initially start with a B |
Prob[BY](t) = 17 [exp(=Iit) + exp(~Ist) + 2exp(—Tt) cos(Am.t)]
Prob[B?](t) = 17 [ exp(—Iit) + exp(—I.t) — 2exp(—I't)cos(Amst)]
e For B,
0.7 0.8 1
) NN
9 Prob[B2](t) Prob[B¢](t) '
0:3 04 o.b | 1 | k51 12 &F | 3
0.2 02} -0.5
JIRIRTAvAvAV RIRTAVAVAVORS R Y
Proper Lifetimes Proper Lifetimes Take asymmetry of two:
_ NIB°(t) - NIB°)(t)
e What we get from it:|Am, oc [V, Vi I? ~ N[B°)(t) + N[B](t)
o Amgoc |V Vigl® o Amgoc [V Vigl? A COS(AmSt)
by by
~1 tiny ~1 still small, but larger than V,,
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w B — B Mixing and Oscillations

Extract frequency

e If initially start with a B |
Prob[Bl](t) = 17 [exp(-Tit) + exp(=Tyt) + 2exp(—T't) cos(Am.t)]
Prob[B?](t) = 17 [ exp(—Iit) + exp(—I.t) — 2exp(—I't)cos(Amst)]

e For By

1

0.8

0.035 1
0.03 0.5 \
o Prob[BY](t)

0.6

oo 2 4 6 8 10 12
o oo Proper
02 otf]g; o Lifetimes
05 1 15 2 25 3 Ty
Proper Lifetimes Proper Lifetimes Take asymmetry of two:
- _ NIB](t) — NIB°](t)
e What we get from it: | Am, & |V, Vi |? N[B°|(t) + N[B°](t)
o Amyoc |V Vil? o Amg o [V, Vil A oc cos(AmSt)
¢
~1 tiny ~1 still small, but larger than V,,
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w DO Bs Mixing: from Simple to Complex
d 2003

» Reconstruction of semileptonic B decays:
uD’ uD™=, uD*, uD,

» Understanding of sample composition, resolution,
K-factor (momentum of non-reconstructed particles)

d 2004

» Measurements of Bd oscillations
v Opposite-side muon tagging for Moriond 2004
v Same-side tagging and combined tagging for ICHEP 2004

d 2005

» First Bs mixing results
v" For Moriond 2005
v" Update in Summer 2005

4 2006

» Increased statistics

» Improved initial state flavor tagging
v" Added opposite-side electron tagging
» Improved analysis technique
» First indication of the Bs oscillations signal presented at Moriond 2006
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w Excellent Tevatron Performance
w Run Il Integrated Luminosity

2.0

19 April 2002 - 22 February 2006

1.9
1.8 1
1.7 -
1.6

1.5
1.4
1.3
1.2
1.1
1.0
0.9 -
0.8 -
0.7 -
0.6 -
0.5

Luminosity (fb'1)

.

/if/’

1.41

0.4

— Delivered

0.3
"

— Recorded

0.2 —
01 /
0.0 - : ‘ ‘

Apr-02 Jul-02 Oct-02 Jan-03 Apr-03 Jul-03 Oct-03

 Data sample corresponding to over 1 fb-! of the
integrated luminosity used for the Bs mixing analysis

1 Full dataset is ready

3/24/2006
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w DZero Detector

(m]

 Spectrometer : Fiber and Silicon Trackers in 2 T Solenoid
L Energy Flow : Fine segmentation liquid Ar Calorimeter and Preshower
 Muons : 3 layer system & absorber in Toroidal field

J Hermetic : Excellent coverage of Tracking, Calorimeter and Muon
Systems

n=0

Muon Scintillators
=
Muon Chambers

=00 S

= L
T
| |

-SMT H-dtsks SMT F-dtsks SMT barrels

l
RS P ' "l- A5 -1.0 05 0g 05 19 15
-0 5 0

I
]
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Muon Triggers

1 Single inclusive muons
o > 7|<2.0, p;> 3,4,5 GeV
» Muon + track match at Level 1

e ‘~ > No direct lifetime bias

v" Still could give a bias to measured lifetime if
cuts on decay length are imposed in offline

\ » Prescaled or turned off depending on inst.
\ lumi.

» B physics triggers at all lumi’s

v" Extra tracks at medium lumi’s
v Impact parameter requirements
v Associated invariant mass

v Track selections at Level 3

1 Dimuons: other muon for flavor tagging
d e.g. at 50-10-3° cm2s!
» 20 Hz of unbiased single u
» 1.5 Hz of IP+u
> 2Hz of di-u
(] No rate problem at L1/L1.2
S.Burdin /Bs Oscillations/ 11



% Silicon Microvertex Tracker (SMT)

e 6 barrels: 4-layers, single/double-sided
2/90 deg. stereo, radius: 2.7 — 10 cm

e 12 central F disks: double-sided, + 15 deg. stereo

e 4 forward H disks: single-sided, +7.5 deg. stereo,
1zl = 1.2 m, radius: 9.5 - 20 cm

J Asymptotic (high momentum) resolution of 15um
» Will be improved with Layer 0
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3/24/2006

Layer 0 is being inserted!
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Challenge: High Track Multiplicity

iullll| (TR TR XTI Or (T rol ‘IIII‘IIII

B — B —>wvu' ﬂ\_vg
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w Analysis Outline

Opposite Side -
I Reconstructed Side
X :
I
I 0 0 T
B B < B
ne)  \o..G L, s s

LI
L ]
L
L ]
L
L
a
-
-
A 4

d Select B, candidate

» Concentrate on the most clean decay mode B, 2vuD (2¢n)
d For each B, candidate

> Bg flavor at decay time from muon sign at the reconstructed side
» Transverse length L; and its error

» Transverse momentum PB,.) (use P{D.u))
> B-hadron flavor at the opposite side (indicates Bg flavor at production time)

3/24/2006 S. Burdin /Bs Oscillations/
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Signal Selection

X
B B'<«> B’ p
pe) O\ G ; :
.."ﬁ
\
\
\ D-S

] Select events with a muon

3/24/2006 S. Burdin /Bs Oscillations/
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Signal Selection

o Ny
° L/
o "n

 Find two tracks in the same jet with the muon
> different signs
» Impact Parameter significances with respect to the Primary Vertex
» common vertex

3/24/2006 > ¢ mass S.Burdin /Bs Oscillations/ 17



Signal Selection

X JR—
B’ < B, . .
| JTLL
u(e) .......... .-:.'.'_. ) "..
'..:"-.ﬁ: :
PV e
., D : :
\ e,
v
\
vV

3/24/2006

» sign opposite to the muon
» Impact Parameter significance with respect to the Primary Vertex

> common vertex with kaons
» D s mass S. Burdin /Bs Oscillations/
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DE> Signal Selection

n(e)

(1 Combine three tracks into Ds particle
» Decay Length significance with respect to the Primary Vertex
» common vertex with the muon

» some constraints on the uDg invariant mass
3/24/2006 S.Burdin /Bs Oscillations/
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DE> Signal Selection Function

D@ Run II preliminary

Further improvement in S/B following ;
initial vertex, lifetime & mass window cuts: - t  signa

600
Background +
e Set of discriminating variables S mﬂm i
x; constructed for each event '

. . 400
e Cut on combined variable,

product of likelihood ratios

(PDFs for background and signal
from data):

200

;
Fl E . : 4
y=I:_D«- Vi = ig;bg:; gl .lillu_i‘i.l m L A Y

0 1 2
log, oy

The following discriminating variables were used:

» Helicity angle, defined as the angle between the D; and K; momenta in the (K, K3) center of mass system;

o Isolation, computed as Iso = p!°!(uD,)/(p*t(uDs) + >_pt°t). The sum Y pi®* was taken over all charged

particles in the cone 1/(A¢)? + (An)? < 0.5, where An and A¢ are the pseudorapidity and the azimuthal angle
with respect to the (uD;) direction. The u, K7, K2 and 7 were not included in the sum;

o pr(K1K>);

o Invariant mass, M (uD;);

» x? of the D, vertex fit;

o M(K.K>).

2/24/2006 S.Burdin /Bs Oscillations/ 20



Signal Selection

pe) O\,

J For each Bs candidate

» Determine measured Visible Proper

Decay Length (~ - D, ﬂ)
xM =m, - LT'pT/
(p

3/24/2006 S. Burdin /Bs Oscillations/
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w Proper Decay Length

4 Proper Decay Lengthis ¢ — XM K
determined from the B,

Visible Proper Decay D, u
Length K =Pr
d K Factor takes into pfs
account the escaping  £9°F '
neutrino and other 800 _
missing particles 700E- P
B Doy
500 - .
I—:: DS_ Y 4005— ,
300— - "B
200C- et
Q From MC, each decay  E o ¥
mode : 28 he

8.3 0.4 0.5 0.6 0.7 08 09 1 1.1 1.2 1.3

pr(uDg)/p+(B)

3/24/2006 S. Burdin /Bs Oscillations/ 22



w Initial State Tagging

Opposite Side -
I Reconstructed Side
X !
I
I 50 0 T
B B <«<>B
u(e) -I"-...S ’
P >
\
\
\ D-s

1 Use Opposite Side B-hadron
» bb pairs are produced

3/24/2006 S. Burdin /Bs Oscillations/ 23



w Initial State Tagging

o... +
B .....o.' EO H BO l'l
*..,, s s
n(e) " K & g
L e
Gro, b,

K \

\

1 If muon or electron at opposite side is found then use
the muon (electron) jet charge
» assume B semileptonic decays

» clean from background (cascade decays) using weighting
technique
3/24/2006 S.Burdin /Bs Oscillations/



Initial State Tagging

X
+
B . p 0 0 l’l
S B < b
o... ...‘ >
Lo
. [ ] \
G, .
’ \
L

 Secondary Vertex charge
1 Find Secondary Vertex at opposite side

> formed by tracks with Impact Parameter significances with respect to the
Primary Vertex

» has decay length significance with respect to the Primary Vertex

(d Sum weighted charges of tracks in this vertex
3/24/2006 S.Burdin /Bs Oscillations/ 25



% Initial State Tagging

 Event Charge

» Sum weighted charges of tracks with p,;> 0.5GeV
v

D.rrq
Opy S o
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Combination of Initial Flavor Tagging Variables

e Each flavor discriminating variable x; as used described previously,

0 . b
likelihood ratio: _ﬁy - PDF}” (x;) From data,
— . = . -
o " PDF’(x)) Bi— D u'v
wrong-sign subtracted,
D@ Runll Preliminary at short lifetimes
e Form single Co | |4 aw™eo (non-oscillated)
flavor-tag variable | ] aw™so
1- _ ++
Jd=—7
1-|— y , 1500 ——
1000
. d=0
e *Initial | Initial
+  Flavor y Flavor

1 1 1 1 1 1 1 1 | 1 1
-1 -0.5 0 0.5 1

‘ Combined tagging vﬁble
more purc more purc

3/24/2006 S. Burdin /Bs Oscillations/ 27



-0.4}

08650 0.05 01 015 0.2 0.35

VPDL (cm)

B *1 dil: 0.236 +/-0.024, eff: 0.059 +/-0.001 |

Do Runll Preliminary | B —> D*u dil: 0.597 +/-0.058, eff: 0.011 +/-0.001 |

0505 0 0.05 0.1 0.15 0.2 0.25

VPDL (cm)

e 039 +/-0.001 |

3/24/2006

08650 0.05 01 015 0.2 0.35
VPDL (cm)

-0.4}

05050 0.05 0.1 0.5 0.3 0.35
VPDL (cm)

D& Runll Preliminary

0305 0 0.05 0.1 0.15 0.2 0.25
VPDL (cm)

D Runll Preliminary

Am = 0.506 +0.020 (stat.) ps™’
D’ = (2.48 £0.21) (%) (stat.)

e=(19.9140.2) (%) (stat.)
Am e, = 0.507 £ 0.004 ps-’

S. Burdin /Bs Oscillations/

Increasing dilution
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ugn sample @ DO (~1 fb™)

' _ - DO Runli 1fb’ Opposite-side flavor
6000 @) tagging
ubD*: 7,422+281
4000 |-
5 - DO Runll A 1fb
2000 - L 20
> nD: 26,7 10:I:560 -
ob .t .. | » (;,ll)i: 1,519+96
1.8 1 9 2 0 800
(KK) [GeV]

400

Tagging efficiency ~20% uD: 5,601£102

—

LS S [ VR SN VI SN L[N T N M N S/ /I
0 1.8 19 2.0

( i [GeV]
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w Sample Composition

d The signal peak (u+Ds)

» Estimate using MC simulation, PDG Br’s, Evtgen exclusive Br’s

[ IBs—Dspuv
B Bs — Ds* uv
3% | |Bs — DOs* uv
3.0% [ |Bs— DIs*pv
BBs—D0tv
1 Bs — DsDs X
B Bs — DsD X
[ |B°— DsD X
B B-— DsD X

B Peaking
Background

Signal: 85.6%

58.9%

3/24/2006 S. Burdin /Bs Oscillations/
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w Expected Asymmetry

K "
pree =— e % .0.5-(1= 2D cos(dm_-Kx/c))
Efficiency Purity Dilution
= Ntoraf flav. tagged events n= Ncorrecr flav. tagged events z) - 21] -

N total events N total flav. tagged events

(less than 1, ~ multiplier
of "ideal" £1 amplitude
of asymmetry)

D =2D(d)
gézci:rt}igepgsv\g ( fers?cglﬁiig?e
(Amo,)
o 2 S
Signif = e S+ B

3/24/2006 S. Burdin /Bs Oscillations/
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w Amplitude Method

_ Kx
_ A e ™ -0.5-(1£2 cos(dm_-Kx/c)-A)

CTp T

 If mixing signal with Am_, amplitude A =1
otherwise 4 =0

d Scan Am, for each value find “A+AA
from the fit to the VPDL distributions

> fit to asymmetry vs. VPDL represents
a simplified case

nos/osc
s

3/24/2006 S. Burdin /Bs Oscillations/
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Binned Asymmetry Fit
(Old technique)

D& Run |l Preliminary

o62:f:ﬁ:ﬁﬁﬁ:f:ﬁ:ﬁﬁﬁ:f:ﬁ:ﬁf:ﬁ:ﬁﬁﬁ:ﬁ:ﬁﬁﬁ:f:ﬁ:ﬁf:ﬁ:ﬁﬁﬁ:f:ﬁ:ﬁﬁﬁ:f:f:f Summer 2005 Result (610 pb™):
Expected limit: 8.1 ps

Asymmetry
Q
b

- 'L T
-0 +I+ 1H+ +‘H" |
- ||Bs Amp"_t”de D@ Run Il Preliminary
wr + datat 1o

" [__Jdata+ 1.645: (stat.)
" [data+ 1645¢

Amplitude

D 1 1 1 1 0-05 1 1 1 1 0-1 1 1 1 1 0-15 1 1 1 1 0-2
VPDL(cm)

%]

Current data set: O} emsw
95% CL limit: 7.8 ps! -
Expected limit: 9.5 ps : ) )

. . #95% CL limit: 7.8ps » 7.8ps (stat. only)
Improved Flavor Tagging and -+, sensitity:a5ps’ -2~ 95ps (sat ony
increased statistics

5L

0 2 4 6 8 10 12 14 16 18 20_1
Am, (ps )
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w Upgrade to Event-by-Event Fit

Minimize  —2In f
f= T (0= Fo o+ Foctie)

— D*um oy ppr pMyz p—logigy
f.=P(x,.0, .d, JP7v P PP

J Probability Density Functions (PDF) for each source
» Proper Decay Length
» Dilution
» Proper Decay Length Error
» Mass
» Signal Selection Variable

3/24/2006 S. Burdin /Bs Oscillations/ 34



 Signal

K

max

Proper Decay Length

Qf; = j D(K)dK(%jEff(xM ):‘j dx - G(x -x" 50, )p"OS/OSC

Kmin
J Combinatorial background
» Long-lived background

v" Non-sensitive to the tagging

v Sensitive to the tagging
v" Non-oscillating
v" Oscillating with Am, frequency

» Prompt background
v Width depends on resolution
v" Constant width

3/24/2006 S. Burdin /Bs Oscillations/

35



Efficiency Dependence on VPDL

Efficiency vs. VPDL (cm) for B_->D_uX

-t
M

-k
i|II|III|I

Efficiency

0.8

2 1 [ T

0.6

|

0.4

0.2

-t D Run Il Preliminary

[T 1
[

0
-0.05 0 0.05 0.1 0.15 0.2

VPDL {cm)
d From MC
» Cross-checked and tuned using data

J Note that efficiency at VPDL=0 is not O
3/24/2006 S.Burdin /Bs Oscillations/
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Dilution

Isolated tagging muons (electrons)

DG Runll Preliminary

D@ Run Il Preliminary

i ¥°/ndf 1.837 [/ 2 . — -
ﬂ | Ao -0.8918E-03 predicted dilution, . D, signal
A1 0.4570
06 - | A2 2349 J % - -
' A3 -2.498 ‘ @ S0
(U =

300[— _
250—

0.4 5
200
150

100
0.2 -
50
D | | | | |||||| | | Ll
0 0.1 0.2 0.3 04 0.5 D6 0.7 0.8 0.9 1
| d
pr
0 ] | | |

0 0.2 04 0.6 0.8 1

d

pr

J Determine dilution on event-by-event basis
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" D@ Runli

(b) 1

]IIIIII]]III

—

og.lll

Cross-check Using B, 2XuD*(2¢r)

1fb’

Amplitude Scan

1.8
IW(KK)TE

AR N N TR S S TR SN WO R
1.9 2.0

[GeV]

B, Amplitude D@ Run Il Preliminary
E 33— *datai 10

2 Fl__jdata+ 1.6450 (stat)

<

2 data + 1.645 G

-3[--9-- sensitivity: 7.5ps”

- #95% CL limit: 0.0ps”

= e b b b b e b b b by
0 1 2 3 4 5 6 7 8 9 10

(J The Amplitude Scan reveals the Bd oscillations

» at correct place = no lifetime bias
» with correct amplitude = correct dilution calibration

3/24/2006
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Vertex Resolution

VPDL etror, background VPDL error, 1D, signal
2 T oy 27001 .
e D@ Run Il Preliminary e D@ Run Il Preliminary
- e 2 B
Y 500— Y g0
400— 0
sk ' Period of oscillations @ 19ps-!
B 300
200— B
B 2001
10044 B
- 100:-. >
D_|||||||\||||\|||||||||1—r.\_ll‘H-|.l+v-g.aJ.i.|:|.ﬁ.Lu.n.;_ : \|I I|II\|IIII
0 0005 0.01 0015 0.02 0.025 0.03 0.035 0.04 0045[ 0]05 0 0005 0.01 0015 002 0.0%5 0.03 0035 004 0045[ 0105
G, |CM g ,|cm

1 Determined by vertex fitting procedure
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Tuning Resolution Using Data

1 Use J/y—pupn sample

5000

4000

3000

2000

1000

3/24/2006

» Fit pull distribution for J/Ay Proper Decay Length with 2 Gaussians
> Resolution Scale Factor is 1.0 for 72% of the events and 1.8 for the rest

» Confirmed by Impact Parameter tuning procedure in MC

D@ Run Il Preliminary

&

PDL/G,p,

J/y vertex

\
\ \

\f/L:;L

S. Burdin /Bs Oscillations/




BYD_u'v

1.3

K-factors

1.2

1.1

-
w0

© o o o
N 4 I = |

K Factor [0.025 units]
o
(= 2]
T T T[T [T T [IT T[T [ TTTT[TTTT 7711

—
o

[3%)

K = pr(pDg ) /pr(B)

3/24/2006

3 3.5 4 4.5

Measured Mass(Dgp) [Gewcz]

S. Burdin /Bs Oscillations/

5

5.5

6

-l Use different K-factor distributions depending on
the mass of uD, system for D, and D" samples

41



w (KK)rr Mass

 Contributions of background, D*, D, and D* reflections
are taken into account

_— g D _1
> 6000 P2 BAnIA 1P
O :
o =
Q :
© 4000
E —
c o
S 2000}
LLl
08 19 20
M(Km [GeV]

A Fit in the entire mass region from 1.72 to 2.22 GeV

3/24/2006 S. Burdin /Bs Oscillations/
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DE> Signal Selection Function

600

1 Use the signal selection

function in the likelihood 4o

> Use the full information

to weight the events
200

D@ Run II preliminary

Signal

Background ++

3/24/2006 S. Burdin /Bs Oscillations/
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Results of the Lifetime Fit

DO RunlI Preliminary DO RunII Preliminary
10 102
- 4 E
B H b+ i«
10 = 10—
i E_ 1 1=
- T TN B | P o o Ml E | | | |
0.2 -01 0 01 02 03 04 05 bl L L1 [ L1
VPDL, cm 0.2 -0. 0.2 0.3 04 0.5

1 1 1 1 ‘ 1 1 Il 1 | 1 Il
1 0 0.1
1 1 VPDL,cm

Most important region
U Different background models are used for cross-check and systematic errors

 Trigger biases have been studied
» Different efficiency models

d Central values for ctg,= 404 — 416 pm
» Statistical error ~10 pm
» HFAG value ctg, =438 =12 pm

3/24/2006 S. Burdin /Bs Oscillations/ 44



Results for Bs Mixing

3/24/2006 S. Burdin /Bs Oscillations/
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Amplitude Scan for Sideband

B; Amplitude Sideband: 1.72 - 1.82 GeV

@

2 r {vdata +1c D@ Run Il Preliminary
g 4 Jdata + 1.645 o (stat.)

(=]

)

-t

:'v- -ﬁ-'a**;iiﬁiiﬁi;;'}j};'}mHH Hi Hi [t

¢ 95% CL limit: 13.7ps” (stat. only)

3/24/2006

I
'=‘||||||||||EII

--e-- Expected Limit: 111.A!I|::-5"I (stat. only)
! 1 ! | ! 1 ! ! ] ! ! ! ! ] ! ! 1 ! | ! 1 ! !
5 10 15 20 25
Am, (ps )
S.Burdin /Bs Oscillations/ 46



Amplitude Scan

g 4 :_lghata t1o DG Run i \
= - data + 1.645 o (stat.) -
g' | i data + 1.645  (stat. @ syst.) “I e
< 2r At
L. J———— N4t
O ermvssswiyi iy HY N"
20 5
- 1fb
-4 [ ¢ 95% CL limit: 14.8ps” \‘/—
- --o--- Expected limit: 14.1ps”
PR S T SR N TN TR TR SO (NN SN TN TR SR NN TR SN TR SR NN S SO S
0 5 10 15 20 25

Amg [ps]
] Deviation of the amplitude at 19 ps-1
> 2.56 from 0

> 1.606 from 1
3/24/2006 S. Burdin /Bs Oscillations/
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—h

Log Likelihood Scan

: —_—

----------------------------

fwosidgeay NI

s Y S CNA S

PRI P SPINN an T PUI r Br Brar

o_[lllll

30
Ams [ps™']

14

In agreement with the amplitude scan

» Resolution

» K-factor variation
» BR (B,—»uDX)
» VPDL model

» BR (B,.—»D.,D,)

Have no sensitivity
above 22 ps-

17<Am < 21 ps @ 90% CL assuming Gaussian errors
Most probable value of Am_ =19 ps!

3/24/2006
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w “Golden” Events for Visualization

VPDL error, D, signal _ D@ Run Il Preliminary, 1fb™
2700 o S
L DJ Run Il Preliminary < |
el O 4
Y 600 5 0.4 Y
- = : —
g T ——
500 = ,
- g 0.3F e
e Period of oscillations @ 19ps™ & |+ , —+
i o) I
3002— .5 0.2
- 3]
2007 £
- g 0.1 i
0 p g |
:|\||||||||||\||||| 1 e _ NN 8 I A | | |
0 0005 001 0.015 0.02 0025 0.3 003 004 M5 005 @ Qg5 953 35
Gy Lo 19 o(2n)
[ Weight events using
(amo, )

Signif:ﬁig(Mm»loglo J/)° @“e_ :
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w See Bs Oscillations By Eye!

DO Run Il Preliminary, 1fb™

J Weighted asymmetry

Asym metry

1 This plot does not
represent the full
statistical power of our

d ata -0.5} Data weighted by significance of each candidate
Overlay not from analysis fit,

[ for illustrative purposes only

0 05 1 15 2 2.5
19v/(2n)
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Amplitude

World Average

[
L7

2.5

[

=
th

| |
| World average (incl. unpublished)

[ %]

A 95% CT, limit 16.6 ps™

| 4 datatio
€ sensitivity

Amplitude

- [ datat 1645
- [ ] data+ 1.645 G (stat only)

IR N e e
;World average (incl. unpublish

data A=o & 95% CL limit 16.6 ps"

[ - - 16450 -G sensitivity 20.2 ps™'

- [ data=1.6450

[ ] data+ 1.645 o (stat only)

a1k

gy

" HFAG Preliminary

Correlated systematics
L .not yet included

-1.5

3/24/2006

7.5 10 125 15 175 20
-1
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Ensemble Tests

d Using data
» Simulate Am=co by randomizing the sign of flavor tagging

> Probability to observe Alog(L)>1.9 (as deep as ours) in the range
16 < Am <22 pstis 3.8%
v" 5% using lower edge of syst. uncertainties band
v" Region below 16 ps-! is experimentally excluded
v" No sensitivity above 22 ps!

: dos
[ # s
100 | | 4 ‘
N o
-5.0 -2.5 0 2.5 5
3 Using MC DIff. In log(L) hetween Am, = 25 ps™ and min.

> Probability to observe Alog(L)>1.9 for the true Am =19 ps! in the
range 17 < Am, <21 ps!is 15%
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w Ampact on the Unitarity Triangle

" | excluded area has CL >0.95 | '

0.5

-0.5

. I \_\I. T T I ‘
\._..\.% "-.I_‘I‘ ]
- %\ |
T CA J d
s \ @\
: AV A

g B Y
| EPS05+D0 : \
_15 I TR T T S T S S i I l f\ 1
-1 -0.5 0 0.5 1 1.5 2
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w Conclusion

1 1 fb'l Data sample was used for the Bs oscillation
measurement

J 2.50 deviation from O is observed in the amplitude scan
at 19 ps1
» in agreement with the loglikelihood scan

> 90% C.L. interval for Am: 17 - 21 ps! assuming Gaussian
errors

d Improvements for the summer

» New decay modes in the semileptonic analyses
v DAKK, KK, 3
v etD,

» Hadronic Modes

» Same-Side Tagging
J Layer O is being installed
] Stay Tuned
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Analysis of the Combination of Experimental
Results by Abbaneo & Boix (1999)

o B[CTTTTTTTTITITTT T T |/
2 i World average (prel.) / I H
P i
=<0 + data £l A 95% CL limit 12.3 ps—! '
: [ ---- 16450 -& sensitivity 14.3 ps~1 /
20 W data £1.6450 e
[}
- [ Jdata +1.6450 (stat only) b ol |1
oF
L .
. - [ ]
JHEPOS (1999) 004 '

Amg (ps7!)

J Probability of statistical fluctuation: 1 - C.L.=3%
d Am =14.8"] ps™' > interval 13.0 —17.5 ps?
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Systematic Uncertainties

Osc. frequency 1 ])r,_l 3 p:_-'_l 5 pr:_l 7 p:_:_l 9 p.s_l 11 pr:_l 13 pr_\‘_l 15 p:\‘_l 17 p.s_l 19 pr:_l 21 p:\‘_l 23 pr_\‘_l 25 pr:_l
A 0.128 —0.025 —0.134 0.073 0.079 —0.100 —0.459 —0.093 0.858 2749 1.218 —0.253 0.018

Stat. uncertainty 0.090 0.124 0.167 0.231 0.299 0410 0504 0.659 0.864 1.068 1.413  1.690 1.920
Br(DsDs) = 4.7% AA[—0.003 +0.000 +0.003 —0.002 —0.002 -+0.003 +0.010 +0.001 —0.022 —0.059 —0.021 -+0.012 +0.009
Ag |—0.002 —0.003 —0.004 —0.005 —0.006 —0.009 —0.010 —0.014 —0.018 —-0.023 —0.029 —0.035 —0.040

Br(D.puX) =6.7% AA|+0.006 —0.003 —0.005 —0.004 —0.001 —0.003 —0.011 —0.004 +0.012 +0.046 -+0.023 —0.001 +0.011
Ao |+0.002 +0.002 +0.003 +0.004 +0.005 +0.007 +0.009 +0.011 +0.015 +0.019 +0.024 -+0.030 +0.035

pr, > 6 GeV/c AA|—0.015 +0.009 +0.013 +0.010 —0.001 —+0.010 +0.029 +0.013 —0.045 —0.124 —-0.044 —-0.023 —0.019
Ao [—-0.004 —0.006 —0.008 —0.011 —0.014 —0.019 —-0.024 —-0.031 —0.042 —-0.054 —-0.066 —0.081 —0.093

K-factor variation AA|—-0.000 +0.006 —0.024 +0.001 +0.010 —0.041 +0.045 +0.104 +0.231 +0.207 —0.380 +0.006 —0.001
2% Ac [+0.000 +0.001 +0.002 +0.004 +0.007 +0.012 +0.011 -+0.027 +0.025 +0.059 +0.040 -+0.049 +0.050
K-factor distribution | AA |-+0.000 —0.000 —0.001 +0.001 —0.002 +0.013 +0.006 +0.036 +0.028 —0.003 +0.171 +0.033 +0.032
smoothed Aag |+0.000 +0.000 +0.000 +0.000 +0.001 +0.001 -+0.002 +0.003 +0.003 -+0.005 -+0.004 —+0.008 -+0.009
K-factor from AA|-0.000 —0.001 +0.003 +0.001 —0.009 +0.026 -+0.003 +0.055 +0.048 —0.021 +0.248 +0.003 —0.050
measured momenta Ao |+0.000 +0.000 +0.000 +0.001 +0.001 +0.002 -+0.003 +0.005 +0.004 -+0.006 -+0.006 -+0.005 -+0.011
Fraction of peaking bkg.| AA [+0.002 +0.001 —0.000 —0.001 —0.000 -+0.000 —0.000 +0.001 +0.004 +0.012 +0.007 +0.002 +0.008
(combinatorial bkg.) Ag |+0.000 —0.000 —0.000 +0.000 +0.000 +0.000 +0.001 +0.001 +0.001 +0.001 +0.003 +0.004 +0.004
Fraction of peaking bkeg.| AA [+0.001 —0.000 —0.002 —0.000 —0.002 —0.007 —0.016 -0.013 +0.004 +0.055 +0.014 -0.035 —0.021
(signal) Ac [+0.001 +0.001 +0.001 +0.002 +0.002 +0.004 -+0.005 -+0.007 +0.012 +0.014 -+0.026 -+0.034 +0.039
cr_B_s AA[+0.001 +0.001 +0.002 —0.000 —0.001 -+0.003 +0.003 —0.001 —0.010 —0.029 +0.003 -+0.013 +0.000

Ac [—-0.000 —0.000 —0.001 —0.001 —0.002 —-0.002 -0.003 —-0.004 —0.006 —0.007 —0.011 —0.014 —0.015

uncertainty in AA|—0.002 +0.001 —0.001 +0.001 +0.002 -+0.002 —0.001 —0.003 -+0.000 +0.008 +0.008 -+0.002 —0.001
reflection Acg |+0.000 +0.000 +0.000 +0.001 +0.001 +0.001 +0.001 +0.001 +0.002 +0.002 +0.003 +0.004 +0.004
Stat. fluctuation of |[AA |—0.001 +0.000 +0.000 +0.001 —0.000 —0.001 —0.000 +0.003 +0.008 +0.016 +0.011 -+0.004 -+0.009
N_D_s Aag |+0.000 +0.001 +0.001 +0.001 +0.001 +0.002 +0.002 +0.003 +0.004 +0.004 +0.008 +0.009 +0.009
resolution AA|+0.001 +0.002 +0.004 +0.010 +0.007 —0.000 —0.019 —-0.012 +0.019 +0.075 +0.040 +0.025 +0.076
(signal) Ag |+0.000 +0.001 +0.002 +0.004 +0.007 +0.012 +0.016 +0.023 +0.035 +0.046 +0.068 +0.087 +0.102
resolution AA|+0.001 —0.001 —0.001 —0.001 —0.001 —-0.001 —0.001 —-0.002 —0.003 —0.006 —0.009 —0.009 —0.011
(bkg.) Ag |—0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.001 —0.001
dilution AA|-0.005 —0.002 +0.008 +0.021 —0.010 —0.006 +0.001 +0.002 —0.015 —0.042 +0.037 +0.112 +0.129

Ao |—0.001 —-0.001 —0.001 —0.002 —0.003 —0.005 —-0.004 —0.005 —0.004 —-0.002 —-0.017 —0.018 —-0.018

Fr_tsens AA|-0.010 +0.006 +0.003 +0.003 +0.003 +0.000 —0.002 —0.004 —0.005 —-0.004 —0.000 +0.001 -0.005

Ag |—0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 +0.000 -+0.000 —0.000

Froosc AA|-0.005 —0.000 +0.000 —0.001 —0.001 —-0.001 —0.001 —-0.002 —0.002 —0.003 —0.004 —0.006 —0.006

Ag |+0.000 +0.000 +0.000 +0.000 0.000 +0.000 —0.000 —0.000 +0.000 +0.000  0.000 —0.000  0.000

Fit to AA|+0.008 +0.010 +0.014 +0.030 +0.041 +0.044 +0.004 +0.026 +0.129 +0.379 +0.291 +0.149 +0.363
VPDL distribution Ao |+0.002 +0.001 +0.001 +0.003 +0.006 +0.013 +0.021 +0.034 +0.045 +0.043 +0.100 +0.147 +0.179
Non-zero AT’ AA|+0.000 +0.000 +0.001 +0.000 +0.000 +0.001 +0.001 +0.000 —0.001 —-0.005 —0.003 +0.001 -0.001
Ag |—0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.000 —0.001 —0.001 —-0.001 —-0.002 —0.002 —-0.002

Total syst. o 250 0071 0.067  0.056  0.068 0.090 0.106 0.117  0.194 0.286 0.337 0565 0.309  0.497
Total oror | 0115 0,137  0.176  0.241  0.313 0423 0517  0.687 0910 1.119 1.522 1.718 1.983
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% Oscillated B candidate in
Run 164082 Event 31337864
1 Two same sign muons are detected

» Tagging muon has n=1.4

» See advantage of muon system with large coverage

AM=1.019 GeV, M .=1.94 GeV
dPy(np)=3.4 GeV; Pr(n,,)=3.5 GeV

/ Tagging mqu

R 1640‘5' Event 31337864 Sep 15 2002
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Flavor Ta

S A e B W B R e R s A S R Ry e L i &

B R e R A R e e e R R R A 4 i

4 Semleptonic b decay - Lepton tag (Muon and Electron). Charge of the
lepton tags the flavor of'b.

© First use of low pt electrons in a heavy-flavor analysis. (P >2 GeV, n| < 1.1)

Electromagnetic
Energy Fraction

Combine variables

into a single
> (a'py)* tagging variable

% Secondary Vertex Charge @sv = ST
cosg(pgy,pp)<0.8
Sum over tracks assoc. to secondary vertex.
4 Event charge o e
cosg(p, pp)<0.8 > Pr
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F lavor taggmg (C ombmed tag aloortthm)

4 Get tag on opposite side and construct PDF’s for variables discriminating
b (u)and b (u') (Use B+ =2 DO (X) decays in data)

S
u—HuM W = ff*(:u

g=1=y
1+y

D@ Runll Preliminary

¢ Dlscrlmmatmg variables (x'):

. I + qlbmc]':ﬂ
Z q _p Z {qipi * E q pT 2000 - I I:l AT
> P ()R 71 |
\ / X 1600 —+—
Electron/Muon JU""C’?" :
1000 -
0@ Runll Preliminary D@ Runll Preliminary
a NSEG =3 N I d<0 [ d=0
bog™) <o 500 - Hltlal I Initial
1000 - L1 qb™)=0 I avor I Flewor
250 I
L I 0 j IJ T L L
i I ? 5 o Comblnedutggglngv jable
_ j < S
0 ol more pure more pul‘e
: 0.5 1 1 0.5 0 0.5 1
Muon jet charge Electron jet charge
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w Performance of Different Taggers

Tagger (%) D, eD3(%)
Muon (|d| > 0.3) 6.61 £ 012 | 04730027 | 1.45 017
Electron (|d| > 0.3) 1.83 £ 0.07 | 0.341 £ 0.058 | 0.21 +0.07
SVCharge (|d| > 0.3) 277008 | 042410048 | 050+ 0.11
Combined (|d| > 0.3) 11.14 £ 0.15 | 0.443 £ 0.022 | 219+ 0.22
Multidim (|d] > 0.37) 10,98 +0.15 | 0.395+0.022 | 1.71+0.19 |
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