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BOBO Mixing
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- Amy sensitive to V., CKM matrix element ared

- Extraction of V.4 limited by
theoretical hadronic uncertainties —>' 235+33+00 ,. MeV

(D. Becirevic and L. Lellouch at this conference)




BOBO Mixing at Asymmetric

B Factories

Before B factories:

Amd =0472 +0.017 pS'1

At BaBar, asymmetric B factory,
we measure:

cest

-can perform time
dependent measurements
-high statistics sample of
fully reconstructed B4,no B,

W
“—ZMixing and lifetime with BO—»D™I*v, decays
-Mixing with hadronic decays (PRL 88:221802[2002])
-Mixing with dilepton events (PRL 88:221803[2002])

23 x 105BB (B°—>D*I*v and dilepton)
32 x 106 BB (hadronic)




BOBO Mixing with Fully
Reconstructed B
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Tag B ot
G, ~ 160 um Reco B .
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By = 0.55 Az
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3. Reconstruct inclusively 1. Reconstruct one B meson
the vertex of the "other” in the flavor eigenstates
B meson (B14g) D™I*v, or hadronic (e.g.D™ ")
4. Determine the flavor of 2. Reconstruct the vertex position
Brag

5. Compute the proper time difference At = Az/yBc
6. Fit the At spectra of mixed (B°B° or B%B?) and unmixed (BOBO)even’rs
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At Distribution of Mixed and
Unmixed Events
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‘_H BO—D*-I*v Selection

* Reconstruct candidate D* using full decay tree

D™ — D%+, DO —»Kr* K nnl K Kt
* Combine with lepton candidate (p* > 1.2 GeV)

* Require consistency with D*-| kinematics

(angles, missing v) TN ' !
S |\ signal |

L10°E E

- Cannot reconstruct B° mass and S L \%
o G D ey

energy because of the missing v ol A Hﬁ##ﬁ g
- * _ O . . . ; A ]
> use m(D*)-m(D°) distribution | background i JHHE

- i -0.5 0 015 |
cos(D*-1



‘_L Sample Composition

Peaking background:
real D*non from semileptonic
decays

Even ?:\u..i MeV )

signal p
sample
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-fake lepton
-continuum events

s 50 s e s Colr(nbinf’roric:
m(D*)-m(D°) (MeV) fake D

0

Category Peak Yield  fcont. frake  fotherB. | fcomb.

sig. sample e [ 700891  15% 0.17%  3.1% | 17.9%
sig. sample u \6569 8 23% 2.7% 2.9% | 18.4%

* Select several control samples to characterize (fraction,At shape)
the main sources of backarounds




Flavor Tagging

Hierarchical, Mutually Exclusive, Tagging Categories

For electrons, muons and Kaons use the charge correlation

D, D*

d d

I~ — B°

I* — B’

Lepton Tag

b

> 0<0=B"

% V kaons
. 0
W W > 0>0=78
C S

kaons

&

K*O +

d

d Kaon Tag

Neural network exploits information carried by non-identified leptons

and kaons, soft pions from D* decays

Tagging Efficiency Mistag Fraction | Q=g(1-2w)?
Category £(%) w(%) (%)

Lepton 11.1 8.6 7.6

Kaon 34.7 18.1 14.1

Neural Net 54.2 37.7 3.3 8




RBO— D*-I*v
Mixing Likelihood Fit Results

- Simultaneous fit to all signal and background samples
float Am, 15, , mistag probabilities, signal and
narY . background At resolution parameters, fraction of charged B

unmlxed (At ) mixed (At)
unmlxed (At ) mlxed (At)
~ (1-2(w)) cos(AmAr)

Am4=0.492+0.018+0.013ps"! A4, (At )—
Tgo :1.523+O'024 0023_0 OZZPS

correlation coefficient p(Am, tp,) = -0.22

FIOGTing - i l i I
parameters: £0.02F
Innermost

Am, Ty

Am, 155, Mistag

| L~

B AN N
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All signal At par | | | | | e | | -
-0.02 -0.01 0 0.01 0.02

\4 DefClUH' flT SAmM (ps') _6TBO 6TBOA[ (ps)

Asymmelry




‘-H Mixing with Hadronic Events

» Fully reconstructed BO—D™-n*/p*/as*,J/yK™®
» All At and mistag parameters simultaneously

extracted from data 6347 BO
— used for sin23 measurement (purity ~86%)
- Largest syst. is BO lifetime
'T . D — 1.1 - lifetime measurements
4| BABAR ®|  with hadronic events
i PRL 87 [2001]
| |t =1.546+0.032+0.022 ps
. PRL 88[2002] | |t, =1.673+0.032+0.023 ps
| Am,=0.516:0.016:+0.010 ps-t|| | /T = 1082+0.026 0012

0 5 10 15 20
Atl (ps) 10



Mixing with Inclusive

‘_H Dilepton Events

Very precise mixing measurement

- Select events with 2 high momentum
leptons (sample contains ~50% B*)

* Largest syst. is B lifetime and
resolution function parameterization

Estimated
Y (4S) vertex

Am = 0.493:+0.012+0.009 ps-!

A

Lepton
P \ Y Lepton 2
B,?

vertex

True Y(4s)

PRL 88[2002]

99010 dileptons
(BOBO purity ~40%)

o o 9O
S

with the same sample:
T and CP violation in mixing

t
[

Asymmetry /0.24 ps

|q/p|=0.998+0.006+0.007

o

PRL 88[2002]

11




B Lifetime with Partially
Reconstructed BO—D*-|*v
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‘-H Summary

ALEPH
{3+ 1 prel)

DELPHI
{4 + 1 prel)

OPAL
(%)
SLD "
(5 prel)

BABAR
{2+ 1 prel)

average of above
after adjustments

ARGUS+CLED
{x; measurements)

world average

” working group average
without adjistments

0.446+0.020+0.018 ps

0.519+0.018+0.011 ps
0.444:+0.028-0.028 ps*
0.479+0.018-0.015 ps*
0.50740.023-0.019 ps*
0.495+0.026+0.025 ps
0.500+0.008+0.006 ps

0.506:+0.006+0.007 ps*

0.503+0.006 ps™*

0.49140.032 ps*

0.503+0.006 ps*

of Am and 1y, with the exclusive
BO—D™I*v, sample A,
i, .
/77//70 i
Ty

Amg= 0.492+0.018+0.013 ps!
Tro - 1.523+O‘024_O'023i0.022 pS

. * New simultaneous measurement

. Combined BaBar result for
B, mixing frequency:

Am4= 0.500+0.008+0.006 ps!

T

2% error
13



i Backup slide

e Signal Model (including a BT component): Slgnal At Model
G = [(1 = f5+) - Gho + [+ -5 ] O R,

— neutral and charged B physics models:

I T
G= (At; Tgo, Ampo,wpgo) = e~ 1At/ mpo {1 + (1 — 2wpo) cos(AmBuAt)]

BY 4’?'30
]' — T
Gy (At o, Ampo,wpo) = e 121/ T [1i(1—2wn+)}?
4TB—|—

The ratios 7+ /7o and wp+ /wpro are kept constant.

— Resolution function
R(éAt, O'Ac;m == f -G + (1 — f - fout) -G & E + fout : Gout .

G = Gaussian, E = /% for x < 0.
Width of G and decay constant of E scale with oa:. Width and bias of

Gout do not scale with oa¢. Outler shape is fixed.
- 14



Backup slide

Background At Model

gBG — fosc ) gosc + (]- - fosc) ) gpmt ;
Gt (A1) = (1/2) - 6(A1) - (14 (1 = wpmt)) ,
Goe(A) = (1/4) - exp(—|At|/Thg) - (1 £ (1 — Wosc) cos Amipg At) .

OsC

— continuum — all prompt ( fosc = 0).
— uncorrelated — no oscillating behavior (Amyg = 0).

— Each At model convoluted with a double-gaussian resolution function.
Widths scaled with oa:. Wide gaussian scale factors and biases are
shared among four background models.



i Backup slide

Systematic error

Source dAm go otgo | Note
(107 *ps™] [fs]
Selection and fit bias +12.3  £17.8 | Stat error on generic MC fit
z scale +2.0 +6.0 | 0.4% recipe
PEP-II boost +0.5 +1.5 | 0.1% recipe
SV'T" alignment +3.0 +5.6 | diff DL, diffEL recipes with sig
MC
Beamspot position +1.0 +5.0 | Move/smear BS in sig MC
Bkg / signal prob. +2.9 +3.2 | Vary m(D") — m(D") fits
Fixed BT /B" lifetime F0.3  +£1.9 | Vary lifetime ratio by =£lo
ratio (PDG2002)
Fixed B /B" mistag 70.1 0.3 | Vary mistag ratios by =lo
ratio (BAD119)

more...

16



‘_H Backup slide

Systematic error

Source 0Ampo  O07go | Note

(102 ps~ 1] fs]
Signal resolution +0.9 +3.4 | G+GH+G vs GExp+G
model
Fixed signal outlier +1.0 +5.4 | Vary outlier width & bias
shape
Bkg At models +1.2 £6.3 | Vary comb. bkg model
Total syst. error 13 22




‘_H Backup slide

Mistag fraction determined from
simultaneous fit to By, sample

Tagging Efficiency Mistag Fraction BY/BO diff. Q=c(1-2w)?
Category (%) w(%) AW(%) (%)
Lepton 11.1+0.2 8.6 £ 0.9 0.6 +1.5 /7604
Kaon 34.7+04 18.1 £ 0.7 -09+1.1 14.1 £ 0.6
NT1 /.7 £0.2 22.0+ 1.5 1.4+2.3 2.4+0.3
NT2 14.0 £ 0.3 37.3x1.3 4.7+ 1.9 0.9+£0.2
All 6/7.5+0.5 25.1+0.8

18




j {muon;SS;0nRes}
Signal + BG
[[] Uncorrelated D*1 BG

ake lepton (14 ’9
E Eolfni]mzm ]]33((3] l nOt from Brec
. % .

Enriched : D" with

* Backup slide

Peaking Bkgs

[ Combinatoric D* BG

Signal p Sample )
flipped /
' {fake;0S;0nRes)
Signal + BG
! T T T [C] Uncorrelated D¥1 BG
. I Fake lepton BG
H . [J Continuum BG
i [ Combinatoric D* BG
i Fake / Enriched :
[ candidate fails e, ID
- 140 145 150 155 160 165
- 1 43 144 145 146 147 148, 00° 49 Refitted m(D*)-m(D0) (MeV)
] Refitted, s B)-m(D0) (MpV)
0’... - T T " {muon;08;0ffRes}
Signal + BG
[] Uncorrelated D*1 BG
B e epton B Continuum D* Enriched :
[ Combinatoric D* BG Off_resonance Data
5
D*)-m(D0) (Mg&V)
I Combinatoric I
| Enriched : |
Sideband 150 155 160 165
Refitted m(D*)-m(D0) (MeV) 19




‘_H Backup slide

ALEPHTY, 0482 HLOAL 1024 s
ALE 040 HLMS 20,007 pa
ALE] nﬂl :ﬁtﬂm i:zl;pg*
P
LI 0471008 a3 pat
Frr] s
0,503 HL06L HL0T1 s
0,500 HL052 .3 pst
EE LiRL RN §
0.516 +0000 207 1o
0,450 HLMS H.051 ps
+H1HL -1
0.562 +0068 200 1o
DELPH 0,493 M2 20,007 p
DELPHI 0499 HL053 HLOLS ps
DEL ~ 0L4B0 HLOAD 1051 ps
DELPHT o 0,523 072 HLM3 p
ORERT 3 0,531 HLZS +0.007 ps”
L4538 HLME 1,032 ps
0,437 HLML3 H)L DL ps
0,472 LM 1,053 ps
EE i BN §
o 0430 £0u3 208 oy
OPAl [IRTNED Tl Rty
OPALD o 0.539 0060 £0.024 ps
BT LIkl RN §
OPAL Y1 0567 +0080 127 1g
OPAL n Jikgt 0497 D21 2025 p
SLD 0580 HLD66 HLO7S p
SLD A Wmaﬂ?} 0.561 HLOTR ﬂmpi
F e+ P2
SLD 1%153&&?% 0452 HLOTA 2L pa
SL i 0,520 HLT2 H0.035 ps”
s p—— P
SLD%?EH?] 0,503 HLOZE H0.020 ps
BABAR B}t 0.516 HLOL6 +0.0L0 ps”
§ 0,493 1012 H. 009 ps”
MBA&R}% 0,492 HLOLE +0.013 ps
0,528 HLOLT HL011 pst
0,494 HL012 HLO15 pst
0,505 HLOLT HL020 st
0,503 L0008 1. 009 ps”
Average of 35 sbove 0,503 HL.006 s
CLEC+ARG 0,491 HL032 st
[ %y TREAZUTETILEN
World average 0.503 HL006 s
1 | 1 | 1 I 1 | 1 | 1 I 1

035 0.4 045 0.5 055 0.6 0.65

B Oscillations N
Working Group ﬁmd (ps )
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