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e First analysis involving a large team of colleagues within
the DA Heavy Flavor Working Group: much appreciated!!

o More details: publicly available D@ Conference Notes
Bs mixing with Bs — DsuX, Ds— ¢t and opposite-side flavor tagging
Bs mixing with B — DsuX, Ds— K*K and opposite-side flavor tagging
Combined opposite-side flavor tagging
B flavor tagging with opposite-side soft electrons

e 610 pb™' of data processed up to June 2005



CKM Triangle

VCd VC>2) + th VtZ) + Vud VU>2) =0 Unltarlty

Im
* \/ector sum ‘
In complex plane:

Via Vi :
ud [V'ub V,y :‘th‘ e—lﬁ

Y/$5

Z Vcd Vc?)
e Does it return to zero?

°* Measure lengths of all sides
° Measure all three angles
° Consistent?
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‘ CKM Triangle . Area of the triangle

indicates CP violation
in the SM due to the
CKM matrix

Im Want precision
°* Normalize one
side: (0,1)
Vug ub Vig =|Vigl €7
Vcd cb
! - Re
1
(a2 A AR (p—in)
vV = - N 1-22/2 AL?
KAx?’(1—p—m) - AN 1




‘ CKM Triangle '
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| BB° Mixing and Oscillations |

Vig
_ b u,c,t Vis d,s
B . S Bg
— w w
By By

d,s

e Bj oscillation frequency: Am, =

!

Measured well Large uncertainties! Want!
15—-20%
A 2 B 2
e |f measure Amyand Ams : T — M fgs Bs | Vis
Amg delde BBdl Vz‘d‘

Smaller uncertainty T

Better Precision
Unquenched LQCD (1.21 = 0.0221’8_'8?2 )2 (only ~3% theory
Stewart, LP'05

systematic)



BB’ Mixing and Oscillations |

1B,y = - (|B%+|B%) = |By

V2
By = - (189~ B%) = |B)
Mass Eigenstates Weak Eigenstates
(and CP eigenstates
if ignore CP violation)
B° M -AL e [ o
I:I _ 2 12 2
no « 1 ir oo
B M- 712 M — 17 B
e Then B; and B, are eigenstates with
AT
masses: My, = M = ATm and lifetimes: Iy, =T % 5

... AT, measurement at DJ, see
D. Zieminska's talk, Wine & Cheese,
18 March 2005



B2B° Mixing and Oscillations

e If initially start with a B°

Prob[B°](t) = i4 [exp(-Tit) + exp(-Ixt) + 2exp(—T't) cos(Amt)]

Prob[B°](t) = l4 [ exp(—Iit) + exp(—I>t) — 2exp(—I't) cos(Amt)]
o For By

1 0.035
0.8 0.03
0.6 0 0.025 =
Prob[Ba](t) 0.02 Prob[B4](t)
0.4 0.015
0.2 0.01
0.005¢}
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Proper Lifetimes Proper Lifetimes



B2B° Mixing and Oscillations

If initially start with a B° =xtract
e If initially start with a l—
Prob[B°](t) = l4 [exp(-Tit) + exp(-Ixt) + 2exp(—T't) cos(Amqt)]
Prob[B°](t) = l4 [ exp(—Iit) + exp(—I:t) — 2exp(—I't) cos(Amaqt)]
e For Bj

1 1
0.035
0.8 0.03 0.5
0.6 0 0.025 R0
Prob[B4](t) 0.02 Prob[Ba](t)

2 4 6 8 10 12

o4 0015 Proper
0.2 0.01 -0.5 Lifeti
: 0.0051 ifetimes
-1
0.5 1 1.5 2 25 3 0.5 1 1.5 2 2.5 3
Proper Lifetimes Proper Lifetimes

NIB](t) - N[B°I(t)
NIB®)(t) + NIB°)(t)

Take asymmetry of two: A =

e What we get from it:|Am, o< 1V, V|2




BB’ Mixing and Oscillations |

® Amd X |Vt>;) th|2

o

~1 tiny

0.7
0.6
0.5
0.4
0.3
0.2
0.1

e For B!

i

Prob[BY](t)

0.8

0.6

e Amg o [V Vi I?

I

~1 still small, but larger than V,,

Different proper time scale

Wl

VAN

0.5

1

1.5 2 2.5 3
Proper Lifetimes

0.5 1 1.5 2 2.5 3
Proper Lifetimes

Take asymmetry of two: A =

] 115 2 2 .p 3

IRR'RA

NIB](t) - N[B°I(t)
NIB®|(t) + NIB°)(t)




‘ Analysis Outline . Signal Selection Moriond 2005

DS Ds — q)TC
- KK




Analysis Outline | Signal Selection Moriond 2005

D, — ¢m
s K'K”
Now: add
eD.— K*'K
L
u K it

(= e Improved
A likelihood selection




Analysis Outline Flavor at decay time

Reconstructed or

signal side
D u
‘. (égl
@ Charge gives

flavor (B? or B?)
@ time of decay



Analysis Outline Flavor at time of production

Reconstructed or

Opposite Signal-side
side
D
(éi)/
'@' ' Charge gives
b hadrolj,/ fovor (Bg o Bg)

U f @ time of decay
Moriond 2005

e jet charge including i, secondary vertex charge, etc.
Flavor of signal-side at time of production (since b—b production)



Analysis Outline Flavor at time of production

Reconstructed or

Opposite Signal-side
side
D
(éi)/
'@' ' Charge gives
b hadrolj,/ fovor (Bg o Bg)

7

Z e f @ time of decay
Moriond 2005

e jet charge including u; secondary vertex charge, etc.
Flavor of signal-side at time of production (since b—b production)

Now, add
e soft electrons, secondary vertex without muon, event charge




Analysis Outline Proper decay time, asymmetry

Reconstructed or
signal-side

"', S .
I:)\‘/CQ'%\(/Ieasure (xy) decay length
b hadron . 4 y ength,

take into account missing

neutrino to form
e ~. Visible Proper Decay Length (VPDL)

e Plus important to know VPDL uncertainty

Opposite
side

e Form asymmetry, A = Nnon-ose™ Nose in bins of VPDL,
Nnon-osc."' NOSC.

compare with expected asymmetry for a given Amsg



Muon System e "Local" momentum measurement in
toroidal field
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|T]| < 201 pT> 35 4, 5 GeV

e Muon + track match at Level 1
and a muon at Level 2

‘ Muon Triggers i e Single inclusive muons,
775

e Unbiased; prescaled or turned
off depending on inst. lumi.
Used for this analysis

e B physics triggers at all lumi's:
extra tracks at medium lumi's,
impact parameter requirements,

associated invariant mass
track selections at Level 3
when higher

e Dimuons: other muon for flavor
tagging

e e.g., at low luminosity,
1520 x 107 Cm'Qs,'1
~25 Hz of 50-60 Hz at Level 3

(...and no rate problems at L1/L2)




‘ Silicon Microvertex Tracker (SMT) .

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,
|zl = 1.2 m, radius: 9.5 — 20 cm

Single hit resolution of 10 um, S/N > 10
e Tracking outtom ~3 (6 ~6 deg.)

Rad. hard to 1 MRad ("Layer 0" atr ~ 1.7 cm to be installed)



Impact Parameter Resolution
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Both include opy~ 26 um from primary vertex

(subtract out in quadrature)



D@ Run II preliminary

Signal Selection

+ Signal

Further improvement in S/B following 600 - Background
initial vertex, lifetime & mass window cuts:

o Set of discriminating variables

x; constructed for each event 200 |-

e Cut on combined variable,
product of likelihood ratios
(PDF for background

and PDF for signal): 200

yv=[1vi: »-=

i

PDF} (x,) 0 b n ﬂH .

: -2 o 1 2
The following discriminating variables were used: log, Y

e Helicity angle, defined as the angle between the Dy and K; momenta in the (K7, K5) center of mass system;

o Isolation, computed as Iso = p'°*(uD,)/(p***(uDs) + > pl°!). The sum 3 pi°' was taken over all charged

3 (3

particles in the cone \/(A¢)? + (An)? < 0.5, where An and A¢ are the pseudorapidity and the azimuthal angle
with respect to the (uD;) direction. The u, K1, Ko and 7 were not included in the sum;

o pr(K1K>);
e Invariant mass, M (uD;); For DS — (I)JT,

S KK

o x? of the D, vertex fit;
L] M(KlKQ)
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Before
Improvement

...

After
Improvement




Signal B: — D; u*v

o Impressively large semileptonically decaying B, sample (~34k)!

1

610 pb
imi 610 pb™ o7
- - D@ Run Il Preliminary p ¢ . D — KK
= 40001 D. — N(D,)=15636=193 = 5000 *
8acgob. S e L s)=15030= = D™ KK-
5k = KK ] ke
- C >
S - . w
22500  N(D)=4349:152 D,— KK
= 3000 L.
2000 K m
1500 - 2000
1000
- 0®e®
500F- . 1000
:I 111 I 1 111 I 111 1 I 1 111 I 111 1 I 1111 I 11 11 I 11 11 I 1 111 I 111 1
97 175 18 185 1.9 1.95 2 205 21 2.15 32 0 - . . .
Miw(GeV/C) 1.8 1.9 2 2.1 22
Mass(Kﬂ)K (GeV/c))

o Nasty reflections!
(recall: no /K identification,
misid a w as a K) use MC



. 3 Reconstructed or
Initial Flavor Tagging

signal-side

Opposite
side

If muon found with
cos ¢(p, ,Pg) < 0.8...



. 3 Reconstructed or
‘ Initial Flavor Tagging signal-side

Muon jet charge:

O™ :Z Prq

2 P ~ AR<05

If muon found with

DO Runll Preliminary
cos ¢(p, ,pz) < 0.8...
ur~B

4

200 |
150 H p b
100

b +
50 | saste
4, %e%000

0

-1 0 1
Muon Jet charge




Reconstructed or

Initial Flavor Tagging signal-side

Transverse momentum of
muon w.r.t. nearest track-jet

If muon found with

jet axis, cos ¢(p, ,Pg) < 0.8...

closest track jet



Arbitrary Units

. 3 Reconstructed or
Initial Flavor Tagging signal-side

Opposite
side

e Charge of electron _
.-
e* Bé

e First use of electrons by DY
in a heavy-flavor analysis!

D@ Run Il Preliminary *'é’ i Electromagnetic
: L
>0 Energy Fraction o Pp->2 GeV
Elp B or
8 o - Te e Energies in
L < r I
: . calorimeter
; in road along
: :12-;\__2 o} electron track
00 0.5 1I Hl-l5ﬁ-l 2 2.5 3 /] I0.IZI | I0.I4I | I0.I6I I0.I8I | I1 |

EenPrar EMF



Reconstructed or

| Initial Flavor Tagging signal-side

® Secondary Vertex Charge:

0.6
Qg = Z (pH Oq6) (over tracks in vertex)
2 Py u:
B
U P
— G
47

If muon found with
cos ¢(p, ,Pg) < 0.8...

e Secondary Vertex p3'
also even if no muon found, but

e Event charge: cos ¢(og,,Pg) < 0.8...

0,,= 2 Prq for charged tracks outside
TN p, cone of AR > 1.5 of B]




Initial Flavor Tagging |

 Each flavor discriminating variable x; as used described previously,

likelihood ratio: v . . .. _ PDF’(x) From data,
Y _Hyi ’ Vi = b Bo D*_ +
; PDF (x;) « >D W
wrong-sign subtracted,
: | D@ Runll Preliminary ' t  ab™)<o at short “f-etlmes
e Form single 600 | 5 ™) 2.0 (non-oscillated)
flavor-tag variable i
-y ’ 5 T
d=—= | |
1+ y a00 | i 4
| T+
it
200 |- l
d<0 d>0
* Initial  Initial
7 Flavor | Flavor |,
L= b . b
0-1 -0.5 0 0.5 1

Combined tagging variable

Mmore pure > More pure




‘ Proper Decay Length ‘

e Measure decay length in x-y plane (and error from track parameter
errors), need boost, but due to escaping neutrino,
can only reconstuct partially:

_ 2
M = (L -pf;“)/(pfsﬂ) my K = p2* | pk ct, =x"K

Xy s
Measured visible proper "K Factor" Measured
decay length, VPDL Proper Decay Length
e From MC, each Z’:ﬁtfr for B, DElu v l D@ Run Il Preliminary
decay mode 2 ol | Bs— Do v 3
oo |"** B D" v ¥
o Also takes into aof [ B> Duv| i
account other ool [0 B D v
missing particles 400}
a00F-
Bg — DS*_M"' A% 2oo§_ T a E
|% D; Y 1005— k e "";
3

i =1 - 1 & ] L
04 05 06 0.7 0.8 0.9 1 1.1 1.2 1.3

pT(MDs)/pT(B)



‘ Proper Decay Length ‘

e Measure decay length in x-y plane (and error from track parameter
errors), need boost, but due to escaping neutrino,
can only reconstuct partially:

2
M_ (7 =D D,
A= (ny.pxyﬂ)/(pTﬂ) mBs szfsﬂ/pfs CIBS=XMK

Measured visible proper "K Factor" Measured
decay length, VPDL Proper Decay Length
e From MC, each 2 s00F l DO I.R.un Il Preliminary

decay mode 3 s00f
7oo§—
e Also takes into s00F
account other 5001
missing particles 400F-
3oo§—
Bg — D, D3 X 200;
|e uv X 1005—
3

1.1 1.2 1.3

pT(MDs)/pT(B)



,-\1 OO YT T 1 L L L 1T 1T ] . Proper time
3 : : Effective flavor resolution
S 80F 3  tagging power
T ol z
= o0F E (Am,o,)’
< 40F = 2 S
'k 1 Signif = e
20 - S+B
0F | P —3— o mDepth” of dip of likelihood in
20F Signif( Ams)z /2 frequency space
—40F L =
_60 - IR N I N AN N N S A N N .
0 10 20 30 40 50
Am
Efficiency Purity Dilution
e = Ntotal flav. tagged events T] — Ncorrect flav. tagged events @ — 27] . 1

N total events

Ntota/ flav. tagged events L
(less than 1, ~ multiplier

of "ideal" £1 amplitude
of asymmetry)




Initial Flavor Tagging

Measuring Dilution with Data

e Make B) oscillation measurement with same
opposite-side tagger as for B, use as inputs

(since signal and opposite-side B species
uncorrelated. Same-side tagging does depend
of specific species fragmentation, will need MC
to get dilutions, more uncertainty.)

e Take |d| > 0.3, amplitude gives dilution, 2,
frequency gives Amy

° Amy = 0.501 = 0.030 = 0.016 ps
(WA 0.509 + 0.004 ps™)
e Dilutions
e D(B)) =0.414 + 0.023 = 0.017
e D(B*)=0.368 + 0.016 = 0.008 —

o Deomp. = 0.384 + 0.013 + 0.006
¢D2=(1.94 + 0.14 + 0.09)%

syst.

e MC shows that dilutions for B? and Bg agree
e Dilution for Bg agrees in data and MC

Asymmetry Asymmetry

Asymmetry

D@ Runll Preliminary
0.6¢
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-0.2F
_0.4[Combined 0.3 <|d|<0.45 .

P B B B N S R
-OQ 05 0 0.05 0.1 0.15 0.2 0.25
T

0.61
0.4F
0.2F

VPDL (cm)

purity, dilution

Increasing




Events/(0.01 GeV/cz)

Flavor-tagged Signal B; — D u*v

e Flavor-tagging efficiency for combined opposite-side tag, ¢ = 12.3%

D@ Run Il Preliminaty 610 pb’'

)

D@ Run Il Preliminary 610 pb”

500 % . D; — KK
E - *
D, — ¢m N(D,)=1917:66 o %007 D KK
400 Ls KK~ 2
KK g D™ — K'not
3 .
L
300 400'_ D, — K*K
. s Kt

200

N(DJ)= ' ™y
2247 £ 316

200+

100

077975 18 i85 19 195 2 205 21 2.5 22 1.8 1.9 2 2.1 22
M(KK)H(GeV/c ) MaSS(Kn)K (GCV/C )

o ~4 2k total flavor-tagged candidates



e An example of a OST muon tagged B, — D, uv event

.
Tagging muon
Run 164084Event 31337864 Sep 15 2002
le: 4 GeV
\

\

<
/ I3

Y,cm

0.2

0.15

1

0.0518

0,05

A

92 015 01 -0.05 -0 0.05 01 015 o.zd)

0.1

-0.15

-0.

0

u




Asymmetry
© o009

e.g., 0.06 < VPDL < 0.08 cm
Measured Asymmetry

Untagged uDs

e Fit for Ds (+u) yield in bins of VPDL

Nron-osc— N
e Form asymmetry, A = —1OM-0sC. __0sC.
. " Nnon-osc."’ NOSC. 50
In each bin

7 175 18 185 19 195 2 205 21 215 22

DO Run Il Preliminar s f
1¢ Y ¢ = Non-osc. uDs
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' Tt %205
: By — D, u*y N
4
2

1
o

—|_|_|'|III|III|III'|'III TTT III|III|III|

7 175 18 1.8 19 195 2 205 21 215 22

..................................................................................................................... % 305— .
l ¢ F Oscillated uDs
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 3 °F Ls O

5666
0 O LN

1
A -

VPDL(cm)

?.7 175 18 185 19 195 2 205 21 215 22

2
M(KK)ﬂ(GeV/c )

Flavor tag




Measured Asymmetry

e Fit for Ds (+u) yield in bins of VPDL

* Form asymmetry, A =

N non-osc. Nosc.

|n eaCh b|n Nnon-osc."' NOSC.

DJ Run Il Preliminary

-t
o

Asymmetry
o
($)]

i

B 610 pb™
B — DI u*v P

+ﬁ+ .++:*K ++

T

0 0.05 0.1 0.15 0.2
VPDL(cm)



Asymmetry
O

N

e.g., 0.06 < VPDL < 0.08 cm

Measured Asymmetry

e Fit for Ds (+u) yield in bins of VPDL

Nnon-osc— N
* Form asymmetry, A = —_Ton-ose. _OeL.
. . Nnon-osc."' NOSC.
In each bin

DO Run Il Preliminary

vents/(0.01 GeV/c?)

ro oo =
||||||||||||
o
o
1]
o
F =N
(o))
+
=
—
o
=
1
E

ubD”

- RS T TN TS P
I e [ O 7 250 7 175 18 185 19 195 2 2.05 21 215 3.2
A A o F

- E 30 .
o : £ Oscillated

- S 25
T 2 F

— s F

) & 20

0 005 01 015 02 025 .}
VPDL(cm) «f

Also observed/consistent in D [L
0 — =

B; — D, w'v N R LR R KR T R T B X R 1)

Ls K*K M o, (GeV/c)

Flavor tag




Expected Asymmetry ‘

e |deal no. expected (for signal), as function of true visible proper decay length, X

K Dilution, 2
-0.5:(1F(2n-1)-cos(Ams Kx/c))

ESC,HOH-OSC (x) —

CT

e Number expected as function of measured visible decay length,
for each decay mode j

osc,non—osc(xM) :fdeeSJ(x—xA{X)Eﬁ; (x)deD (K) 0(x) n?ji}’:’s)”-OSC(x,K)

d,u,s

VPDL Due to K-factor
Resolution lifetime Distributions
cuts

e |ntegrate over VPDL bins, sum over sample composition Br's



‘ Sample Composition '

e S0 what's in that signal peak? (u+Ds)
Estimate using MC simulation, PDG Br's, Evtgen exclusive Br's:

B! - D utv  B.—Du'v

For e g s KK IS similar

Decay Mode  Sample Fraction

B, — D, utv 21.7%
— D utv 60.7%
— Dy utv 1.4% | Useful signal fraction 88.3%
— DS utv 3.1%
— D, T'V 1.3%
— D, DX 2.9%
— D;D X 0.9%

By — D.D X 4.0%

B — DD X 4.1%



Events

VPDL Resolution Essgnt/al to understand to be ab/(_e to
determine expected asymmetry for given Ams

e Use charged tracks in data to find impact parameter (IP) resolution
depending on:
e Track momenta and angles e Silicon detector hit configuration and
cluster width

e Tune MC and data to ensure:

e Data track IP errors match data IP resolution
e MC IP resolution matches data IP resolution

--- Before correction *,_-.*. MC

soof. — After correction

e Describe VPDL resolution

, ~10% 28 um . -
500 o0 47 ijm using 3 Gaussians
400 ~38% 65 um

e One resolution scale factor
of 1.142 + 0.020 (D, — ¢mt)

1.168 + 0.024 (D, — K* K)
for all three

300

200

100

-0.02 -0.01 0 0.01 0.02 0.03

VPDL,__- VPDL___(cm)

So
ORETTTT
w

gen



Essential to understand to be able to

VPDL Resolution determine expected asymmetry for given Ams

e Use charged tracks in data to find impact parameter (IP) resolution
depending on:

e Track momenta and angles e Silicon detector hit configuration and
cluster width

e Tune MC and data to ensure:

e Data track IP errors match data IP resolution
e MC IP resolution matches data IP resolution

D@ Run Il Preliminary

513
01.25F :
L qoF L ° Resolution depends on VPDL
% 1.15E (large VPDL correlated with large
® 11E — boost, i.e. with more collimated
21.055 1T decay products; also
% 1B lifetime signficance cuts)
@ 0.95:

0.9 e Use a VPDL-dependent

e I resolution scale factor

0'80 0.04 0.08 0.12 0.16

I
0.2
VPDL(cm)



Signal Efficiency vs. VPDL

o ...due to lifetime and impact parameter significance cuts in selection:

[y
N

B — D utv

Efficiency

0.8

0.6

0.4

0.2

O~ 602 004 006 008 01 012 014 016 018 0.2
VPDL (cm)
e Done for each decay mode, similar turn-on curves

for different decay modes in signal region



cc Contamination ‘

e When from gluon splitting, charm hadrons close to each other
g c D°X - Kn X
\QQQQQ/<:_ e.g., 0
C D’X—=D 7, X — Kuvm X
e Flavor-tagging surpressed contribution by factor ~3
o Estimated fraction of (3.5 + 2.5)%, VPDL from MC, added in



Amplitude Method ‘

Insert
K
niemOe (x) = —+0.5-(1F (2n—-1)- A cos(Ams Kx/c))
cT

e If mixing signal with Amg , amplitude A =1otherwise A = 0

e Scan Ami, for each value, minimize 2 between expected and
measured asymmetry vs. VPDL and find A + AA

£ LEDORunNPreliminary B; = D, w'v

E 0.65 Expected Curve for Am. = 8 ps’’ > do
® 0.4
0.2
-0
-0.2
-0.4F
-0.6L
B

VPDL(cm)



Amplitude Method ‘

Insert

n;omme(x) = LS 0.5-(1F(2n-1)- A cos(Amg Kx/c))
cT

e If mixing signal with Amg , amplitude A =1otherwise A = 0

e Scan Ami, for each value, minimize 2 between expected and
measured asymmetry vs. VPDL and find A + AA

£ LEDORunNPreliminary
g 06 = Expected Curve for Ams = 15 ps™'
o () [
<L

VPDL(cm)



Amplitude

Limits and Sensitivities e Verified with Toy Monte Carlos

e Sensitivity: value where A =0
with experimental error could fluctuate up to A = 1

o Limit: value where actual fitted value of A
with experimental error could fluctuate up to A = 1

D@ Run Il Preliminary Ldt=610pb” 10 DG Run Il Preliminary
n i I
- *data:1o ' = *data¢1o
- __Jdata = 1.645 o (stat.) e | £ [__jdata + 1.645 o (stat.)
- <
-~ idata = 1.645 ¢ . 54 [Eidata =+ 1.6450c
- 1 !
- ) 01 €553
- 4 95% CL limit: 6.9 ps 7]
- #5997 LL AIMIL 6.9 S ¢ 95% CL limit: 4.9 ps'
- --o--sensitivity: 7.8 ps e s -1
-4 _I 11 | 11 1 | 11 1 | | I | | 11 1 | 1 11 | 11 1 | 11 1 | | I | | 1 i --‘-. SenSItIVIty: 7.4 ps
0 2 4 6 8 10 12 14 16 18 20 "
-1 10T 7 7
Amg (ps ) 0 5 10 15 20

-1
Amg (ps )
e Factor 1.7 better than Winter 05 result e New result since Winter 05



Systematic Errors e Done for each value of Am,

e Example point, 8 ps™, e Dominant ones:
A=1.150 Og.=0.593 Purity/dilution uncertainty
Ogyet= 0.197 Level of cc contamination
Oyt = 0.625 Inclusive Br(B° — D u*X) = (7.9 = 2.4)%

Resolution scale factor uncertainty
K-factor uncertainties

Ds — K*K, add:

Uncertainty in fit to reflection modes



Limits and Sensitivities

e Combine: A values in steps of Ams

DO Run II preliminary

Amplitude

AL L L
5 LuD (K'K¢m)

i + data+x10
4 -

1.645 o0

B data+1.6450
3 | [ data=x1.645 o (stat only)

A 95% CLlimit 7.3 ps’
@ sensitivity

9.5 ps'1

0

2

4

6

16 18 20

-1
Am_ (ps )



[pb-]

Integrated Lumi for indicated sensitivity

(expected limit @ 95% C.L.)

4500

4000

3500

3000;

2500

2000

1500

1000

500 |

Summer '05

Winter '05
Sensitivity

Summer '05
Sensitivity

10 11
Amg [ps]

- X ~3.8: additional K*K channel,
add electron flavor tagging, improved
OST and event selection

Projected: additional channels,
3, Kg K, flavor tag
improvements
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L Comparing Sensitivities

o

New World
Average Sensitivity
14
ALEPH Dg¢
Bs
Bs+Dsh
(+¢¢
DELPHI vix
l
D
SLD s
Dipole
CDF Run I
(prelim.) CDF ~ Run I s (355pb7) |
(F()Drs:ir:&)ngd@ Tevatt{ounn ! e naIyTs, 61:‘0 pr)

0o 2 4 6 8 10 12 14 16 18 20

Ams Sensitivity (ps™)



New World Average Includes preliminary Run I

DO and CDF results

o 2.5 i L L] I rrri I rrri I rrri I rrri I rrri I LELBLILI I rrri I rrri I LENL B ]
T | World average (prel.) ]
= I ]
s 2 FfF ]
g - + datax 1o s
< [ --- 16450 | ]
L5 - Bl data=1.6450 | Ral .
=[] data = 1.645 o (stat only) | [ \\
[ o T
1 ® “'\
L/
o “': Ui
0.5 { ° \\\ -
\ ® \\/ ]
e == /\ ) \\ T
o\ A
0 L \'|HU|| ' v ]
“— \/ \ // \ |
// [ |
05 -
® ]
A 95% CL limit 14.4 ps’
-1 -©- sensitivity 18.8 ps'1 e
- o
-1.5 [ Ll 1 1 I Ll 1 1 I Ll 1 1 I Ll 1 1 I Ll 1 1 I Ll 1 1 I Ll 1 1 I Ll L 1 I 1 h “ | ‘

0O 25 5§ 75 10 125 15 175 20 225 25
-1
Am, (ps )



Future Improvements

e Analysis techniques
Add more decay channels: D, — KSOK, K’K*,3n
Improve opposite-side tag and boost estimate, add same-side tagging
Unbinned likelihood fit: event-by-event resolution and tagging purity

e Bandwidth increase
Current limit for B physics triggers is rate to tape
L3 bandwidth increase from 50 to 100 Hz (tests successful)

Proposal to process extra 50 Hz of B physics data at remote institutes
(matching funds commitment from Indiana U., Oklahoma U.)

e Hadronic B decays
Trigger on flavor-tagging muon, working on verifying yields
Excellent decay length resolution (full reconstruction)



Future Improvements

e New Layer O silicon detector

Radius of 1.7 cm inside
current detector

Improve decay length resolution
by ~30% even if lose Layer 1

R 22.068 (Circumscribed Circle)

Cool ing_tube creat
5.8 mmA2

R 22.B (Cyl inder opening)

New Loyer O for Run Ilb Upgrade
Layout Drawing
Option 6

Joshua Wang
8, 2003

October

ell:
of Unidirectional
r [0,+20,-201s

Unidirecti
iber [0,901s

R 15.24 (Be beam pipe flange}

R 14.73 (Be beam pipe CD)

e More datal

Integrated Lumi for Observation at 3¢ [fo ]

o(t) ~150fs  o(t) ~75fs
16.0_||||||||||||||||||||||||||||||||||||||
14.0 = Semileptonic
-+ BW upgrade
12,0 - -mmmmmmm oo
100 |
8.0 formmm e fe e
Hadronic
6.0 - + Layer 0
4.0 mmmmme e o
FGjorent Hadronic +
2.0 pHmit Layer O +
% BW upgrade
O-ﬁl|||||||||||||||||||||||||||||||||||||
14 16 18 20 22 24 26 28 30 32 34 1
L s S Amg [ps’]

Jo " 95%CL
From global fits region



‘ Conclusions .

e |Impressive work by a large team of people
New preliminary result from D@ based on 610 pb™

Limit: Ams > 7.3 ps” @ 95% C.L.
Sensitivity: Ams > 9.5 ps” @ 95% C.L.

Already competitive (second best sensitivity after ALEPH inclusive lepton)

Excellent prospects in future with analysis & hardware improvements
plus more data

Can potentially cover the entire SM-predicted range;
if oscillations not observed, new physics at some C.L.!



L Conclusions l

Impressive work by a large team of people
New preliminary result from D@ based on 610 pb™

Limit: Ams > 7.3 ps” @ 95% C.L.
Sensitivity: Ams > 9.5 ps” @ 95% C.L.

Already competitive (second best sensitivity after ALEPH inclusive lepton)

Excellent prospects in future with analysis & hardware improvements
plus more data

Can potentially cover the entire SM-predicted range;
if oscillations not observed, new physics at some C.L.!

High-p. Physics
Tevatron —> &
B Factory!
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B_d oscillation fit including cc(bar) contamination, including VPDL<O

DO Runll Preliminary
0.61

N
Y

Asymmetry
S
b

0

-0.2F
0.4—-Combined (0.3-1.0) . .

0.005 0 005 01 0I5 02 025
VPDL (cm)
with w/o

Am = 0.504 +/- 0.029 (0.501+-0.030) ps-1
Dilution0 = 0.434 +/- 0.024 (0.414+-0.024)
Dilution+ =0.368 +/- 0.016 (0.367+-0.016)



Initial Flavor Tagging ‘

Individual Tagger Performance

Tagger e(%) D eD* (%)
Muon 5.60 £ 0.18 (0.474 £ 0.018| 1.27 £ 0.13
Electron 2.09 £ 0.12 |0.370 £ 0.029| 0.29 = 0.06
SVCharge 5.42 + 0.17 10.317 £ 0.019| 0.54 £ 0.08
—» [Combined ([d| > 0.3) 13.18 + 0.27]0.384 £ 0.013| 1.94 + 0.17
Combined(0.22< | d | <0.3)| 2.67 + 0.11 [0.183 = 0.027 |0.089 =+ 0.033
Combined(0.3< | d | <0.45)| 7.68 + 0.21 {0.309 £ 0.0160.733 £ 0.100
Combined(| d | > 0.45) 5.48 £ 0.17 |0.496 = 0.0181.348 = 0.129

cut used to study
B./B mixing




Systematic Errors

Osc. frequency (ps=') 1 2 3 4 5 [ 7 ) 9 10
A 0.014 0135 0120 0251 0152 0310 0222 1.150 1257  0.755
Stat. uncertainty 0.158  (.182 0.214 0258 0.313 0.391 0480 05093 0731 0.808
1, = .684 AA+0000 0004 0004 +0012 40007 0013 40010 +0.050 +0054 +0.033
Ag | +0.007 +0008 +0.009 +0.011 40014 0017 +0.021 40026 +0.032 +0.039
of © 6% Adl+0003 0009 0010 +0021 +0004 0076 -0.032 +0.093 40098  0.021
Ag | +0.000 +0007 +0.008 +0.013 40018 +002% +0.037 +0.049 0067 +0.091
DD, 4ATR AA+0000 +0.003 +0.002 0005 -0.003 +0006 -0005 0H024 -0027 0.018

Ag | OH004 0004 0005 0006 0007 0008 -0011 0013 0016 -0.019

DX o 55% Adl+0003 0020 0015 +0001 0001 0016 +0.007  +0.049 40056 +0.033
Ag | +0.007 +0008 4+0.010 +0.012 40014 +0.0M8 +0.022 +0.027 +0.033 +0.040

oy, = 455um AAd+0002 0001 D001 +0003 -0.002 0007 40004 +0.010 40002 -0.009
Ag | +0.000 +0000 +0.000 +0.001 40001 40002 +0.002 +0.003 0004 +0.006

same eff. curve Ad |l +0009 0001 H004 0001 0001 0008 0001 +0.012 40012 +0.003
for signal and bkg Ag | +0.001 +0.001 40002 +0003 40003 +0.004 +0005 40006 0008 +0.010

Hesolution Adl 0.006 +0004 +0.007 +0.006 +0.000 +0.002 40002 H0H05 -0.007 -0.004
S.F. =2 for bkg. Ae | 0000 +0000 0000 0001 -0.001 0002 -0003 0004 -0.005 0006

1), mass changed Adl+0002 0001 +0.000 0000 -0002 0005 -0003 +0.002 0001 +0.001

to M, + 1o Ac | 0000 0000 +0.000 -0000 -0.000 <0000 +0.000 +0.000 +0.000 -0.000
1), width changed | AA | +0.001 +0002 0.001 0001 +0.002 0000 -0.006 0010 -0.005 +0.008
toa, — 1o A | +0.000 +0.000 +0.000 <0001 40001 +0.001 +0.001 +0.001 +0.001 +0.002
Dt mazs changed AAl+0.001 +0.000 -0.000 +0001 +0.001 0000 -0001 0002 -0.003 -0.00%
to M, —1c Ac | 0000 0000 +0.000 -0000 -0.000 <0000 -0000 -0000 -0.000 -0.000
Slope for bke. AAdl 0000 0001 +0001 0002 -0.004 0002 0003 0H002  -0.003  -0.004

changed by 1a A | 0001 0002 H.002 0002 -0.002 00083 0003 0004 -0.005 0006

Bkz. parameirized | A4 | +0.004 +0.009 -0.005 +0.011 +0.017 -0.001 -0.014 0025 -0.007 +0.044
by straight line Ag | +0.008 +0.009 +0.010 +0.011 40012 +0.015 +0.018 +0.021 +0.026 +0.030

mass bin AA+0.010 0007 0000 +0.013 +0.047 +0053 +0.024 +0.005 +0.011  -0.025
smaller by 50% A | 001 0001 0000 0002 -0.003 0002 -0.005 0007 -0003 -0.002
AT =02 Ad] 4000 0000 +0.000 000 -0.000 +0001 +0.001 +0.001 +0.001 +0.002
A | +0.001 +0.001 +0.001 +0.001 40001 +0.001 +0.001 +0.0001 +0.001 +0.001

Hesolution AA+0001 0001 0004 +0015 +0024 0023 +0.009 +0.140 +0.185 +0.115
SF =1162 Ag | +0.001 +0.003 +0.006 +0.012 40020 +0.035 +0.055 +0.079 +0.112 +0.152
K-factor A4 +0003 +0004 0009 0026 +0043 +0.016 -0134 0110 +0.064 +0.087
variation 2% A | O001 0001 0001 0003 -0008 0008 -0.011 0017 -0.022 0031

Total e | 0191 0206 0.233 0282 0340 0414 0526 0624 0757 0.919




Following slide from lan Stewart's talk from
Lepton-Photon 2005



Amg & Amg Constraints with Unquenched LQCD

Amg = mp, 7 B4 [VidVis|? use ];B * & /B with
B

2T 2 3
Ama _ ms, fp Ba|Vial JLQCD (03) By =1.271(41)(*5))
Ams  mp, g B, Vis| L Bg +56
ity f "4 1.017(16)(58)

¢? x [(1 = p)° +i77] B
i e iy p e I » §=121+ O°0224—_8:8:§451

j: " _3 1 = (246 + 11 + 25) MeV

| N : f5.\/ By = (296 + 9 & 33) MeV
05 - \ d <
: an?:n%es.s +0.3) ps”’ |

Assume (Am s was measured.

| _ New lattice errors on &
os| reduced the width of the
' | ' green band by ~ 50%

- [EE | Improvement from Lattice QCD
" using staggered fermions
_1 .5 1 1 1 1 | 1 1 1 1 i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-1 -0.5 0 0.5 1 1.5 2
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