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A Brief History of Mixing

Gell-Mann & Pais predict Argus observes B® mixing D0 sets 1st 2-side bound
kaon oscillations - " on Amg: 17-21 ps™
- . . 1" time-dependent
Fitch & Cronin observe
. L. measurement of Amy from
CP violation in kaons
ALEPH

[ R

1955‘ 1957 1960 1963 1966 1969 1972 1975 1978 1981 1984 11987 1990 19{3 1996 1999 2002 200‘@

UA1 sees evidence of Bo 1St lower limit on Amg from

Lederman observes kaon mixing ALEPH
oscillations at CLEO confirms Argus' CDF measures Ams=17.8 +
Brookhaven observation 0.1 ps”

= We have known that B, oscillates since the ARGUS
observation of B% mixing in 1987.

= |t took 19 years to get a measurement of the
frequency from 1 experiment.
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The CKM Matrix

Charged Current /Vud V,, Vub\
Jo, = % o y*vid/ Syl > V=V Ve Vo
\th Vts th Y,
Unitarity Constraint on 15t and 3@ Columns Want this

VuquTJ — 1 thVt;
Vchc:) VchcE
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Feynman Diagrams

Vfo' Vi‘d
_ b u,c,t !fs d,s _ b W~ Vi ds . =
B - - B B — BY Mixing occurs through
BO ) W§ %W B B ) wot| |36 | g box diagrams in SM
ds | @et b ds VTR
Vi Vis
Vi, Vi
15-20% Theory Error Want high precision
2
A Ge B f2 2
m, =25 mm 2N
orx

Ams _ mBs Vts
Am, m;, V., 3% Theory Error

Unquenched LQCD, (1 2 1 4 O 02 2+8 8\;’2)

Stewart, LP’05
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Mixing Formalism
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D5
Mixing Formalism ||

Under the assumption of no CP violation in mixing, |g/p|=1,
and no lifetime difference, AI'=0, we get:

..............................................
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. cesese ceee

P2 =|(B[BOY RE®-|(B|BO)
PP =|(B[BW)|  PT®=[B[BO)
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The Plan

= Use flavor tagger to measure Am,,.

 Certify tagger by measuring well-known
oscillation frequency.

« Calibrate tagger by measuring dilution in bins
of tagger output variable d,..

= Apply event-by-event flavor tagging in
search for Am..
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= Multipurpose detector
located at Tevatron: pp
collisions at 1.96 TeV

protons "2 N1 = oo ® Muon detectorin 1.8 T
(=— = toroid extends to
. n|<2.0.
« Single muon — main

!‘-' = : trigger for these

i ﬁ e analyses.

= Silicon & fiber tracker in 2 T solenoid with

. g\l coverage up to In|<3.0
= —In{tan(—ﬂ: * 5(IP)=35 um @ p>5 GeV
S SN 2 /1 = Calorimeter (EM+hadronic)

*Used for electron flavor tagging in this

analysis.
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Data Set

|
| o > Run la: 1.2 fo!
Collider Run Il Integrated Luminosity |
50,00 : 2400.00
4500 |
- 00000
g 40.00 i “a
2 ! S
g 2 =2 eAnalyses presented
‘€ 30,00 E
- | mn 5 today use full Run
T
o —| £ |la dataset.
£ . BOOOD @
S 15.00 j=
s 10,00 I =
= I 000 ®
500 ||1|JJ
0,00 0,00
£ 20 35 &0 B5 80 85 110 125 140 155 170 185 200 215 230 245 260 275 260 305

Week #
(Week 1 starts 03/05/01)

|-Weekly Integrated Luminasity —e— Run Integrated Luminosity

= How do we measure luminosity?
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DO Luminosity Monitor

proton direction

—_—_—_——_—— e e e e e e e e — e — = I

M n=27
Forward - L T 2
calorimeter silicon tracker \ \J P n=44
/ / beam pipe
] North \ \ South {
-140 cm 140 cm

= Two forward arrays of scintillators.

= |nelastic collisions identified by in-time
coincidence of two arrays.
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Run Il VME Readout DS

N S Vertex
~=— TDC VME card el —=-
VME card

oo o |

: i i FPGA —= North average .

B _>—r .gmp_r ! South L
:thresh_ ' L Te’s —=== frigger

|

average
I fime Z=c (N—-9)
[ )
" I Lo
ADC H
| ., -
PMT | slew Te to L3 1 L3
= — C 10 | —== muit, sum, ave o L3
! correction - ! =10
|
|
|
|
|
|
|
|
|

oo NI T o == Twl3

ADC =

PMT Pulse —— Qtol3

., » Separate discriminator
e for each channel.

> On-board calibration. >

» Early hits removed
AT channel-by-channel.

AT~ (1/Q)'?
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Calibration Procedure DO

1. Calibrate charge on each card using on-board
DAC.

- z(<TN>—<Ts>—22vj Ly s

Events C Hlts Events Counters
Hlach R = Calibration constants stored on flash
A - | RAM sitting on “CAFE" ADC cards on TDC
10 bltx . mode=0 SR
ADC% 5 | ; boards
1 % | data=address | FhR—— )
R=FtN = ., . .
Ramge —o—3 < oo E=— = CAFE’s have 8 ranges, 4 integration
Capacitorf: ! mode=1 D . .
DT dms e P capacitors per range — large dynamic
mode calibrated value re Sp onse
WE b ‘ a
= 2 CAFE cards per LM channel:
113007 FNAL » time & charge (slewing correction). 6



Lumonisty Calibration Results

12000 80000~
i 70000F
10000 ~ .
60000}
2000 - :
= 50000
s C
F000|- . a0000f
2 30000
=000 . .
- 20000
2000 ~
i 10000
O [ L L i & | 1 | & L " E
40 _2p o 50 40 0 10 20 30 40 50
time (ns) Q (pC)
= o(T)=2 ns.

 Hits within £6.4 ns (3.2c) defined as “in-time”.
* Blue curve—discriminator fired (3 pC threshold).
 MIP peak seen at =10 pC.
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Part I:
Flavor Tagging & Measuring Am,




Initial State Flavor Tagging

= We use opposite-side flavor tagging.

Efficiency Opposite

Side Dilution
N '
— tagged D= Ncorrect o Nincorrect
|\Itotal N + N.

correct Incorrect

= 2 taggers are used. Data/MC crosscheck.

« Derived from B*—XuD%—Kr data; no correlations
taken into account.

* Derived from B*—J/hyK* MC; correlations taken into
account.
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Tagging Discriminant Correlations

i .unolfromB E
0L~ 80—
800:_ .uiromB E
s 70
700 =
B 60—
600— =
: 50"
500 -
E 40
400:— E-
3002— 30?
200 20—
1002— 10?—
R T T 2 4 6 8 10 Oy = 1T
ap; (GeV/c) b/,
/’ " \\\ //, . \\\
/4Py shape different /" blo, different for B ™,
'._ and non-B muons /
7 N\

~ -
e -

Put Correlations into
Tagging Algorithm

p(aprimp. sig.)
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Opposite Side

v

= All discriminants are kinematic variables
associated with opposite-side objects.

 Muons
* Electrons
« Secondary Vertices
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Flavor Tagging Discriminants
> pr (4)

uf
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o DS
Flavor Tagging Discriminants

> Py (#4)
> P (1) =| p,sing

Jet axis
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Flavor Tagging Discriminants

>E< Primary Vertex [> p_l_ (lLl)
b, > P (1) :‘ pﬂ‘sin¢
' u >b, / o(b)

o

1/30/07 FNAL 24



Flavor Tagging Discriminants

D, =|PBue|cosds, > Py (1)
> pr' () =|p,|sing
>b,/of)
iy DQSV:ZZ(?;}Z

1/30/07 FNAL 25



D r0sd Pr

|
> QJet — i
ZAR<O.5 Pr
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Flavor Tagging Discriminants

> Pr (4)

o > p;eIQU)Z‘pﬂ‘SiW
>>\ " b, /ofb)

/ i i 0O
> Qgy = Z (q pL)

Y ()

> q' py

| . cos ¢ <0.8

> Qe > Qey = S : i
coS ¢ <0.8 Pr

1/30/07 FNAL 27




Flavor Tagging Discriminants

T > Py (4)
/ > pr (1) =‘ pﬂ‘sin¢
T S
ap)
Secondar QSV — NG
Vertex ! g Z (pl'_)
S ( j
S Q;et > QEV _ cos ¢ <0.8 | > pT(SV): Zpl
Zcos¢5<0.8 Pr SV T
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DS
Likelihood-Based Flavor Tagging

= Define the predicted dilution for a given event as

L(B%; %)~ L(B% %) | B"MC—L(B%) {B*=bu & B°= bq} |
" L(BX)+L(B"X) | BMCL(B){B=bu&B°=bq,} |

= MC tagger is multidimensionalC—) X is a vector
of kinematic discriminants.

= |In practice, simply an

X5 n-dimensional histogram

1/30/07 FNAL 29



Amg: Data Samples

D & Runll Preliminary D & Runll Preliminary
> - . > 30000 »

&S 70000 .F“:X ?“\T B D X 8 -
: | 25000~
§60000f—"'—-"/ \ o = -
o - \ “a' # o -
:@50000_ % T o 20000E
= B - / ~— o
A
== - Q r
20000~ )\\\ > 10000;
10000¢ T 2 5000-

9.4IIII.|5III.|6III?J7II.I].ISIIzjblllzllléjjllé.z 0:\\||||||\||\|||\\\\‘\\\||\\\\‘||||

My (GeV) 0.135 0.14 0.145 0.15 0.155 0.16 0.165 0.17
MKM-MKn (GeV)

= 2 samples fitted simultaneously for Am.
« BO»D*uX; D*—D%%; D'—Kn
o B*—DouX; DO—Kr
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Am,: Results

MC Tagger Data Tagger

D, 0.363+0.012 0.419+0.012

D, 0.395+0.022 0.443+0.022

eD? (1.90+£0.41)% (2.48+0.21)%
Amy (ps1) | 0.486+0.021(stat.) | 0.506+0.020(stat.)

+0.016(syst.)

= Am, agrees w/ W.A. (0.507+0.004 ps-) for both taggers.

= Consistent between B* & B? samples.
» Taggers independent of reco side.
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Tagger Calibration 43

= Measure dilution in Amy in bins of tagger output

do.

* Get D(d,,) and use in event-by-event Amg analysis.
= Multidimensional tagger is more linear, as

Data-Based MC-Based
D@ Runll Preliminary _ D@
a [ - E 2/ ndf 0.9375/ 2
r 3 po -0.1178+ 0.08672 /I
0.6 2 05 pt 0.9362+ 0.1843
ook
0.32—
0.2;
|
:I\||\||\|I\II‘Illll\l\ll\ll\ll\lllll\llll\\||||
02 03 04 05 06 07 08 09 i

0 L TR — | - P
0.8 1
o jd
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Part IT:
Searching for Am,




New B, Mixing Channel

= We have been studying semileptonic decays
involving a D, so far at DQ:
* semi-muonic (B.—DuX) w/ D.—¢r
* semi-electronic (B.—D.eX) w/ D.— ¢r
« semi-muonic (B;—D,uX) w/ D—KK
= There are 3 main decay modes of the D

1. De¢mBR=1.8%  \e il add this mode |
2. D—)K*K; BR=3.3%

(semi-muonic).

= 0 i E
BRWE Reco efficiency is lower

because ct(K,)=2.7 cm
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Opposite Side

1/30/07 FNAL

Amg: Step-by-step

Reconstructed Side

v' Reconstuct Signal B..
v" Flavor at decay given by g(n).

v" Flavor at production given by
opposite-side (OS) flavor tagger.

= Uses u, e, and secondary
vertices as OS object.

v'Classify event as oscillated or
non-oscillated. [s flavor(t,) =

flavor(tyecay)?

v Measure Visible Proper Decay
Length (VPDL) of B candidate,

PDL= (L, (2 M

v'Put event into mixing likelihood. Inputs needed:



De>
Total (Untagged) Data Sample

= m(K.,K) spectrum shows muItipIe peaks.

—
— L B —

Eizreliminary,1.2fb'1 Py /\» / D _>K K & D—)K 7[&

G
£ -
2 - —_—
= 1400" N o AC KSp P
= n ~ -
2 12002 Il S — -
5 - *mw
“’1000:—
sunf— =TT T T T - - ~
- ( -
600 — ~ D _)KSK ,)
w0 TTmmeesmeeeoT -~
200—
:I Ll Ll L1
2715 16 17 18 19 2.1 22 23 24
m(K? <K) (GeVic?) = mm T Tl - N
( -
N D—K_nX !
~- s .

—_— - -
_ e am e o o ==
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Mass Fitting Procedure

= We have developed a 2-dimensional mass fitting

technique to separate the signal D, candidates
from the reflections.

= By Taylor expanding, we can write the mass of a
misidentified system as

2 P —P
Mz(z)=M§+(—j(Mi—M§k), -y
1-2 P, + P
for decays X—Kc+track where as mMrr?g’:re n:):Tween
M, is the true track mass. 4 tracky& K
S

(e.g. D—Ksm & A, —Ksp )
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Validity of Analytical Form

£2.25 > ) ¥/ ndf 5162/8
ag - ':df 14.36/9 g-’ 21 M(A,)  2.285+ D.0DD
£ [/ mD') 1.86810.001 E I 28540,
22| - 0.1627 + 0.0035
2— b 1192+ D.0D35
215 -
+ K - A —Kgp
D gTl 19/ c S
2.1 B
C 18—
2.05F -
2l 1=
1.95 16—
- | 1 1 1 | 1 1 | | | | 1 ‘ 1 | 1 | | 1 | | | | 1 ‘ 1 | 1 | | 1 : | ‘ | | | ‘ | | | | | | | ‘ | | | | | | | | | | | |
08 06 04 02 0 0.2 0.4 0.6 08 06 04 02 0 0.2 0.4 0.6

= Taylor expansion doesn’t work as well for
A, because of large proton mass.

 Put in ad-hoc correction terms:

202\ — A2 i 2 Af2
M (/1)_|\/|AC+(1_]J(|\/|,< YH
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Mass Likelihood

= We end up with a 2-dimensional joint PDF
for the mass.

) 1(|\/| (K°K) - Mi(z)jf

2 o

* D">Kgn & A.—Kgp have M(1).

= Other components’ M; don’t depend on A— free

parameters.
3007 ena. * NO misidentified track. 40



Total Sample

D Preliminary 1.2 fb

Yields

Flavor Tagged Sample

DZ Preliminary 1.2 fb”

“§16005 — Dy— KgK Essof— + —D.— KK
%1400; —i*—) E%n %300: —D'> K
g — A~ Kp T — A Kep
-E1:zt:ncl‘i.f*+{-.i_j_.r  D's KEK % - Ell IM_IL D> KK
m 1000:— D— Kgﬂ: X (@ g ++ +I+ D Kgﬂ X
800 f— Background “ = Background
soob- 150
4005— 10'0;
200 505— §#*§$*9 b
y . : e
- I1.|5I 1‘6 17 18 18 2 21 22 23 24 ?_},““' 15 '1_'6' = 1'7 18 19 2 21 22 23 24
m(K oK) (GeVic") m(K oK) (GeVic™)
S/B(35) =0.16
Component N(Untagged) N(Tagged)
D.—KK 2603 + 110 593 + 67
D*—Kgr 4481 + 106 914 + 64
A—Kgp 2244 + 86 490 + 42
1/30/07 FNAL DO~ —K X 8314 + 187 1828 £ 112 41




Unbinned Likelihood

= WWe minimize L =-2 In?P,

S|g S|g (1 sig)*Pbg)-
= For a given event the probabillity is given by:

where P=I1(P

VPDL(xM) PDF: Mass PDF:
Cond. Variables — c,,d,, Cond. Variable — A
— Selection
Output variable of flavor tagger Variable PDF
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Resolution Scale Factor

* The per-event VPDL error, o,, needs to be
scaled by a scale factor.

= We determine this scale factor using
D" - D°z";D° - Kz~ "X decays.
 decay chain has a Kg.

» easy to estimate background through charge
correlation of pion from D" and pion from DY
— (g0 )%a()<0: right sign correlation (SIGNAL)
— (1 0w)*q()>0: wrong sign correlation (BG)
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Scale Factor Results

= Fit the negative tail of the pull,
PDL(D*)/cpp, (D), to a double Gaussian.

* negative side of distribution dominated by
reconstruction errors—pull should have width

of 1 if errors are correct.

3500:— .

| * 0, *
3000 — o tvee 0 0w
Fe * - *'r-.'_'.w‘“ I\
C o208 o
2500 et

2000— |

15001 |
10m}j

500 -

;Y SN Y A NU AU USSR S MR
014 016 0.18 02 022 024 026 028 0.3
AM
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N

sig2
fg

¥* [ ndf

sig1 0.9661+ 0.0456

11.01/16
382.7+ 1441

2482+ 0.163
0.8509+ 0.0289
1.192+ 0.033

T+

4+
+ ++++ +]

AR S T T T S T I
-2 0 2

Ll
1

I
6
PDL/c{PDL)

SF=0.967 for 85% of events
SF=2.482 for 15% of events 4,



Efficiency vs. VPDL

= We use lifetime-dependent cuts to improve
S/B.

= Use MC to get the efficiency as a function
of VPDL for all sources.

‘ Efficiency vs. VPDL for B.— D_uX | ¥/ ndf

po 0. + 0.
g [ p1 0.005221 + 0.001877
1.2— p2 0.6744 + 0.0191

1_

* €. = (4.4% compare to
Emax(OTH) = 98.8%

-effect of long-lived Kq

0.6

0.2

0 1 1 1 1
-0.05
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Lifetime Fit

- T 7
D7 Prelimi 1.2 b . Data (1.89<m(K_K)«2.05 GeVic') —
_ D Preiminary Dem i *C15 =498 + 39 um.
< F | P, (VPDL)
St Pyg(VPDL) *1.50 from WA.
.%1022—
Hoor

*Fixed to WA as
systematic error.

-0.2 0

5

VPDL (cm)

= Fit for lifetime of sample to set it as an input to
oscillation fit and to verify fitting procedure.
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Amplitude Method

= Add a term to the oscillation probability,

P, m(1)=0.5xTexp(-Tt)[1£AD(d,,)cos(Amt)]

= Scan Am, and fit for A.

= The 95% CL limit is given by the value of Am,
where fitted ‘A could fluctuate to

1—-A(Am)+1.6450 4(Am,) =1.

= The sensitivity is given by the value of Am,
where “A=0 could fluctuate to 1—1.645c , =1.
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Expected Sensitivity

2
= Using SIg(AmS) _ /52 \/SS_I_ - e—(Amsat) /2

we compute an expected upper limit on the
sensitivity by assuming errors are linear w.r.t.
Amg and cy(¢ot)=c(K.K).

« Time resolution is actually worse in K K.

S S _+B
Sen(K.K) < xS+ By e Sen(¢n)
\/SKSK + By « Syr

=0.18¢14.1ps ™" =2.5ps™
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B, Amplitude

Flavor Blind

Amplitude
[1A)

M

— + datat 1o
- [__jdata + 1.645 o (stat.)

- I jdata+1.645¢

I "

Amplitude

- #95% CL limit: 0.43ps
-3[--@-- sensitivity: 2.13ps'1 g 2.1
— | | 11 | L1 | L1l | | L1

® 0.43ps” (stat. only)
3ps” (stat. only)‘
I I | ‘ L1 | L1l
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1 15 2 25 3 35

!
o

5c
afb + datat1c
- [__Jdata + 1.645 ¢ (stat.)
3
- fldata+1.6450
2:— { .
13 et - I i....T.IT.r.eI.nv.'nrJ-j—I i
e ™1 I ;
[]‘E. ;-f-}.-} | I I I I l l ll -.-l ...........
S =
2
Y= i )
- #95% CL limit: 1.09 ps1 * 115 ps1 (stat. only)
'45_--e---sensitivity: 1.90 ps'1 e 2,19 ps'1 (stat. only)
0_ I(I)-‘5III\-|lIII-Il-|5lIIIéllll2-|5lllléll\ls-‘5lllI4|.IIII4.-|5II\I5

Fits for Amg

Unblinded

D& Preliminary 1.2 fb™

Am, (ps’)

 Sensitivities between blinded and
unblinded result are similar and conform to
simple expectation given on previous slide.

49



Combmed D@ Result

Y 2.5 N o :
S .
= af ??ff,’ﬁe“m'“ary 1 4 modes in result;
5 1.5E ol
Q: ‘ E % g:tt:ii:ggz(statonly) “-"' E 1. (I)TCH
1¢F Ao I
Ome

05— 4 H } y':' 2.
0 MW%WHIH ‘W' U 1 "0 « 3. K*KH

o.sE l KSK L
1F + datat 1o )\
¥ - 16450
-1.5F 1
- A 95% CL limit 14.9 ps ]
2 F -2 expected limit 16.5 ps'l - 950/0 C L - 14 9 ps_1
_2‘5' ------------ | PN AP PRI AFE IS A AR R L
0 2 5 S 7.5 10 125 15 17.5 20 22 S 25 SenS|t|V|ty — 16-5 ps-1
Am_ (ps h
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Conclusions and Outlook

= Calibrated DG luminosity — important part of
Run Il LM upgrade.

= We have developed OS flavor tagging and
measured Amy,.

= We have searched for B, oscillations in a sample
of 593 tagged B,—D_ uX (D,—KgK) events
« 95% C.L. =1.09 ps'; Sensitivity = 1.90 ps-'
= The combined D@ result is now
« 95% C.L. = 14.9 ps'; Sensitivity = 16.5 ps™’

= Future improvements: adding new data, more
channels, new silicon, bandwidth upgrade.
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BACKUPS
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Trigger Rates

Detector 25 M
1500 Hz
800 Hz
50 Hz
DAQ Time for trigger Rate
decision

Compare: at luminosity: 60*10* em s
—|-rate from b-pair-production: = 17 kHz

e

1/30/07 FNAL
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Muon Flavor Tagging

= |f event contains u+SV =—> Tag(u+SV)
» Tag(u+SV)={Qit"; P Qgv}

= |[f event contains p without SV —) Tag(u)
* Tag()={Qiet; P1™; pr; iMp. Sig}

Nbins(Q +)=6: {-1, -0.5, -0.25, 0, 0.25, 0.5, 1}
Nbins(Qg\)=6: {-1, -0.5, -0.25, 0, 0.25, 0.5, 1}
Nbins(p;)=3: {0, 1.5, 3.5, >3.5}
Nbins(p+)=3: {0, 5, 10, >10}
Nbins(imp. sig.)=2: {0, 2, >2}
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Secondary Vertex Flavor Tagging

» Tag(SV without p1)={Qgy; Qqy; prSV}

Nbins(Qg)=6: {-1, -0.5, -0.25, 0, 0.25, 0.5, 1}
Nbins(Qg\/)=6: {-1, -0.5, -0.25, 0, 0.25, 0.5, 1}
Nbins(p°VY)=3: {0, 5, 10, >10}
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Base Selections |

H KOS K

e >3 hits in * >3 hits in tracker « >3 hits in

tracker «q(track 1)*q(track 2)<0 tracker

» must pass - 460 MeV < m(nn) < 525 * Jet(K)=Jet(n)
through at least MeV
2 layers of *pr>1.5GeV

muon detector * m(e*e’) > 25 MeV
% > 2.0 GeV ° Pt > 650 MeV
*|p|>3.0GeV  +d,,>0.3cm
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Base Selections

Ds Bs

¢ %2<16 * %<9

+ |, sig. >4 « 2.6 GeV <m(B) <5.4 GeV

. COS(G) >0.9 o if Ixy(B) > |Xy(D): |Xy Slg(B—>D) <2
* if cos(0) < 0.95: |, sig.(B) <4
* q(n)™q(K)<0

50— PUD)

S *|so>0.3
p(lLlDS) T Z pi
AR<0.5
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Likelihood Ratio Selections |

= We define signal and background regions,
+ S:1.90 < M(D,) < 2.02 GeV, q(u)*xq(K)<0
» B: 1.90 < M(D,) < 2.02 GeV, q(u)*xq(K)>0,

and construct likelihood ratios v PDF,, (x)
. L | PDF._(x)
using the discriminants: g
pr(K) pr(Ks) Ly (Ks)
m(m,;,7,) %*(Dg) * |so(B) m(uDy)

_________________________________________________________________________________________________________________________
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Likelihood Ratio Selections Il

= All ratios are combined using Y = I I y,

- final cut is on Iog10Y:<D> i
maximize S/B
/ 905— @
Final Cut s S
Sz X x
|Og10Y < '0.08 © 60?— % X
5o§_ X X )
S/B increases from 0.06 40" ) * % x
to 0.17 through 30°- }
application of 20 x

Likelihood Ratio 10/ %

Selections. N S U S BN R
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K-Factors

= We must correct the measured decay
length for the effect of the missing

neutrino.

| k-factor B, DO X |

VPDL= (l:xy Py )/(pTﬂDS )2 ‘Mg,

0 —— B,— Dluv; <k»=0.826

|§\|||§II\\I§II\\\§IIIII§

K=p/pP cry =VPDLK

= Obtain K-factors

1/30/07 FNAL

from MC in 4 bins of
M(uDs).
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VPDL Resolution

A VPDL for B,— D, X

%*=19.36 tor 20-6 d.o.f
0230 sigma3 = 0.085 +/- 0.079
= sigma2 = 0.00344 +/- 0.0004
% 200 s sigmal = 0.0091 +/- 0.0012
£ f mean = 0.00032 +~ 0.00023
s [
B C fg2 = 0.291 +/- 0.070
150 — fg1 = 0.473 +/- 0.063
100|—
50—
2 | | | | | | | | | | | | | | | | | | | | | | | | | 1 1 1 1
o3 0.02 -0.01 0 0.01 0.02 0.03
A VPDL (cm)

c(weighted)=254 um
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Background Probability

The following components were used for the background
xM PDF:
1. Quasi-vertices distributed around the primary vertex.
cc fake vertices
2. Negative exponential to account for outliers in the
negative xM tail.
3. Long-lived background insensitive to tagging.
B decay product combinatorics
4. Non-oscillating long-lived background sensitive to
tagging.
Charged B mesons

5. Long-lived background sensitive to tagging and
oscillating at Amj.

@ Neutral B mesons
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Amplitude Method: Introduction

* Time-dependent oscillation signal.
b Fourier transform

FT[f(t)]=g(v) = % j;f (e Mdt

f(t) Re[g(v)] Breit-Wigner
cos(wt) 1..-%5 (v TJu;| ) /
I"exp(—T't) ’3@?%5)
[exp(—T't) cos(wt) \_{}_,—T I: J g_['f_;l_g £ ’l.g+|:l:+P}E j]
Le(s) | en(-%)
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| DS
Fits for Am

= WWe have 3 components oscillating at Amy:

* D*->KiK*,D* —Kg?, & long-lived background
component (#5 on slide 38).

D& Preliminary 1.2 fb™

+ Data
@ = 5 [ --- Al
E 3:—+datai1c Te0 AL
g' 2il:idatai1.(-34'.":cs(stat.) Convert to A£oo 4oi e .. [l 15 region
~——  aa
o IIE T ) R
r . I *
1B [
: l
2F l
= 95/CLImtO33p (tt nly) K
-3[—---- sensitiv ty 884p ( stat. o Iy) ‘ 60— |
S B S Sy R Sy S S ';é‘('p‘s_ﬁ)o mz‘{p‘s'_)
Verifies correct dilution, Am,=0.50 + 0.13 —

signal separation, ability to
detect oscillation signal.
1/30/07 FNAL

agrees w/ W.A.
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Sample Composition

B.—Duv 20.9%
B.—D  uv 57.6%
B.—D uv 1.45%
B.—D.uv 3.32%
B.—D.tv 1.99%
B.—»D.,DX 0.99%
B.—»D.,DX 1.6%

B°—D_DX 6.35%
B-—D DX 5.77%

1/30/07 FNAL

—
83%
signal
_
Effect of

iIncreased p(u)
from trigger turn-
on is considered

In systematic
errors.
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Systematics Table

TABLE I: Systematic uncertainties on the amplitude. The shifts of both the measured amplitude, A4, and its statistical uncertainty, Ae, are .
Osec. frequency ( ps—') 0,00 050 100 150 200 250 3.00 350 4.00 450 5.00
—0.284 —0.282 —0.188 0.771 0432 0539 0358 0543 0.668 1.130 1.934
Stat. uncertainty 0.281 0420 0489 0528 0595 0678 0.754 0.820 0.908 0.980 1.036
Dilution AA[-0.013 —0.034 —0.006 —0.022 +0.002 +0.002 —0.003 +0.008 +0.049 +0.069 +0.085
Ag [—0.002 —0.003 —0.004 —0.003 —0.003 —0.004 —0.005 —0.008 —0.009 —0.009 —0.010
Scale Factor AA[—0.002 +0.009 +0.027 +0.024 +0.007 —0.014 —0.029 —0.038 —0.038 —0.030 —0.018
Ac [—0.000 +0.0000 —0.000 —0.000 —0.000 —0.001 —0.002 —0.004 —0.003 —0.002 —0.000
Br(B; — D.mu) = 5.5% AA[+0.014 +0.018 —0.002 +0.020 +0.011 +0.014 +0.009 +0.017 +0.021 +0.039 +0.069
Ag |4+0.010 40.015 +0.019 +0.020 +0.023 4+0.026 +0.030 +0.033 +0.036 +0.039 +0.041
Br(B, — D,D.) = 5.5% AA[40.012 +0.016 —0.003 +0.024 +0.014 +0.017 +0.011 +0.020 +0.025 +0.044 4+0.079
Ag |4+0.012 40.018 +0.021 +0.023 +0.026 +0.030 +0.033 4+0.037 +0.040 +0.044 +0.047
Br(B, — D.D.) = 23% AA[—0.008 —0.009 —0.003 +0.014 +0.010 4+0.010 +0.007 4+0.009 4+0.012 +0.020 +0.034
Ao |40.005 +0.008 +0.009 +0.009 +0.010 +0.012 +0.013 +0.014 +0.016 +0.017 +0.018
et 4.62% AA[-0.002 +0.001 +0.005 4+0.018 +0.010 +0.007 +0.002 +0.002 +0.002 +0.007 +0.019
Ag |4+0.003 40.005 +0.006 +0.006 +0.007 +0.008 +0.009 +0.010 40.012 +0.013 +0.014
cTp, = 438um AA|-0.016 —0.006 —0.079 +0.049 —0.049 +0.031 —0.024 +0.024 —0.014 +0.034 4+0.150
Ag |—0.002 40.014 +0.009 +0.013 +0.020 +0.028 +0.036 4+0.046 +0.055 +0.065 +0.069
pr, > 6 GeV/c AA|-0.035 —0.032 —0.082 +0.011 —0.070 +0.011 —0.034 +0.004 —0.038 —0.013 +0.058
Ao |—0.016 —0.008 —0.017 —0.014 —0.012 —0.008 —0.005 +0.000 +0.005 +0.010 +0.011
D, yield £1.150 AA[4+0.071 +0.121 —0.035 +0.136 +0.019 +0.115 +0.066 +0.140 +0.079 +0.151 +0.363
Ao |—0.028 —0.026 —0.037 4+0.067 +0.082 4+0.098 +0.117 +0.134 +0.149 +0.166 +0.176
D7 yield £1a AA[+0.038 +0.079 —0.043 +0.082 —0.095 +0.083 +0.027 +0.084 +0.032 +0.097 +0.267
Ag |=0.018 —0.012 —0.021 +0.040 —0.016 +0.063 +0.076 +0.089 40.102 +0.116 +0.123
k-factor £2Y% AA|-0.027 —0.006 —0.108 +0.038 —0.087 +0.030 +0.005 +0.046 +0.050 +0.149 +0.258
Ag |=0.003 40.012 +0.005 +0.011 +0.020 +0.028 +0.026 +0.047 +0.055 +0.063 +0.071
k-factor smoothed AA[-0.017 —0.009 —0.086 4+0.034 —0.055 +0.032 —0.022 +0.028 —0.010 +0.046 +0.153
Ao |—0.003 4+0.011 +0.006 +0.010 +0.017 4+0.025 +0.032 +0.042 +0.050 +0.060 +0.064
Reco k-factor AA|-0.018 —0.009 —0.089 +0.040 —0.031 +0.039 —0.014 +0.048 +0.045 +0.109 4+0.166
Ag |=0.003 40,012 +£0.009 +0.015 +0.024 +0.034 +0.044 40.057 40.068 +0.079 +0.086
BG Scale Factor = 2.0 AA[-0.018 —0.021 —0.109 +0.030 —0.062 +0.026 —0.028 +0.018 —0.021 +0.027 +0.139
Ag |=0.003 40.015 +0.008 +0.012 +0.018 +0.026 +0.034 4+0.044 40.052 +0.061 +0.065
frNeg + 1o AA|-0.017 —0.010 —0.086 +0.035 —0.056 +0.028 —0.022 +0.026 —0.012 +0.035 4+0.143
Ag |=0.004 +0.011 +0.006 +0.010 +0.016 +0.023 +0.031 +0.040 +0.048 +0.057 +0.061
fee(bg) £ 10 AA[-0.021 —0.003 —0.090 +0.040 —0.063 +0.034 —0.019 +0.027 —0.012 +0.035 +0.144
Ag [—0.003 +0.011 +0.006 +0.010 +0.016 +0.023 +0.031 +0.040 +0.048 +0.057 +0.061
frBd 1o AA|-0.060 —0.007 —0.115 +0.045 —0.060 +0.020 —0.022 +0.026 —0.011 +0.034 +0.142
Ag |=0.003 40.012 +0.006 +0.009 +0.016 +0.023 +0.031 +0.041 40.048 +0.057 +0.060
frMix 1o AA[-0.067 +0.059 —0.111 +0.041 —0.076 +0.048 —0.006 +0.038 —0.001 +0.044 +0.150
Ag |=0.003 40.011 +0.005 +0.009 +0.017 +0.022 +0.020 +0.038 +0.046 +0.055 +0.059
Background Mass Shape AA[-0.034 —0.023 —0.064 40.030 —0.047 +0.016 —0.021 +0.053 +0.020 +0.030 +0.100
Ao |4+0.001 4+0.015 +0.009 40.012 +£0.017 4+0.031 +0.041 +0.048 +0.049 +0.050 +0.050
N(DV — KgK}f‘:\"(D"' — KE‘,]-?T]:I:O.USS AA |40.005 40,022 —0.076 4+0.057 —0.074 4+0.044 —0.009 +0.042 —0.002 +0.049 +0.178
Ag |=0.010 40,002 —0.005 +0.021 +0.003 +0.037 +0.047 40,058 40.067 +0.078 +0.083
Total syst. T | 0.216 0.186 0338 0260 0236 0300 0211 0.343 0.208 0270 0.467
Total Tioe | 0.357 0449 0580 0580 0626 0720 0.753 0860 0.885 0.962 1.081
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